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M 


ESEARCH in human growth has attained a considerable age, and 
with it some degree of maturity. Today, nearly 200 years after 
the first longitudinal growth study (Scammon, ?27) we are still acquir- 
ing a basic knowledge of the mechanisms and processes of growth in man. 
Growth in general is not well understood. Though easy to measure, 
and simple to demonstrate, why things grow is still а fundamental 
mystery. Little is known about growth at the cell level, still less about 
the nature of multi-cellular growth. More complicated aspects of growth 
spill over into the problem of form (Bonner, 752). The growth of a leaf 
is an analytie puzzle of itself; still more the growth of the morpho- 
logically simpler but structurally more complex fish (Thompson, 749). 
And with mammals, with vastly different growth rates for individual 
organs and tissues and with numerous growth-limiting systems, we need 
to investigate one process or one mechanism at a time, if we are to 
elucidate the nature of growth. 


1 Count (’55) has called growth a “catchall” term, While many different 
processes modify or affect growth it is still possible to center attention on the 
phenomenon of growth itself. 


Edni. ‘eu Momms 
ЭЪ ele HANG 60ГЕ! 


3 STANLEY MARION GARN 


А i ittedly a 
We know most about statural growth da шап, SN о, si 
tion, and admittedly a special kind of growth, S е 
pow e Barney “ general ? growth curve. But ds m е 
id кош. or reeumbent length) is simple to measure, ere lini өй 
lowed in the same subject from birth onward. ee have been dis- 
sole of the foot to vertex, a whole range of phenomena кейшрек 
covered. Some are characteristic of all mammals, Ws аг ats, 
of man, while others are reflections of eK xdi od $ diseases. 
tritional knowledge, or in the management of “ chi 29 Though 
E know far less about the growth of the body segments. ; (Kelly 
segmental growth rates have been published for wap oem ef ds 
and Reynolds, 747, Meredith, 747, Anderson et al., 2... We 
long bones in the trend toward increasing stature is : утен i 
know rather little about the true growth of the skull "E pene nd 
Should we consider the bone vM a 4 rn e diede for it 
Washburn, 756). The face itse provides ғ à т: 
toe be fragmented into growing components by ier eet жей 
metry. Tooth development, on the other hand, pronen г _ lub mi 
to radiological investigation (Gleiser and Hunt, 55, Ee е e 
Shoemaker, '56) as does the ossification of the spine. з omn 
individual muscle groups, known at present by сама Md ect 
material, is not beyond the scope of serial а ашуг 
with the judicious use of contrast techniques, ensi т i 
of the growth of particular inner organs may prove prac ші с ae 
Endocrine knowledge has reached the point where cp 5 й 
Erowth speak knowingly of the growth-promoting and t gx ix 
lating pituitary hormones, of the protein anabolic hormones, Pia 
cortical-stimulating hormones. Though they may not measure т A 
tral ketonie Steroids, they are aware of their influences on the epiphys м 
plate. Moreover, measurements of the 17-ketosteroids is no 26 
novelty. From testosterone administration, to monkeys (Van Pr 
and Hurme, 750), to developmentally retarded children (Sobel, 8 та 
'56), and to starvation victims, the influence of such steroids is 4 
coming clear, The experimental approach may be impractical in p 
growth studies, but the research design can be organized so that hor- 
monal effects сап һе brought into consideration (Talmers, 752). | 
Students of animal heredity have contributed magnificently to the 
Beneties of growth, With the very practical purpose of selecting for 
meat, for rapid growth, or for convenient barnyard proportions, beth 
their techniques and their findings bear closest watching (Hancock, 251, 
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Barnieoat and Shoreland, 752, Shoreland e£ al., ^47). The question of 
parental size and its influence on the offspring, recalls Galton's investi- 
gations published in 1889, and his statistical device the * mid-parent.” 
Selection for maximum muscle mass, a technique important to New 
Zealand sheep-raisers, suggests a kind of study that can be applied to 
selected matings in man. And techniques developed for the study of 
human physical growth have been taken over by geneticists specializing 
in hogs, cattle and sheep. Thus, when genes that control fattening, flesh- 
ing or axial growth are discovered for our domestic animals (cf. Dicker- 
son, 754), the possibility of uncovering similar phenomena in human 
beings, through the use of the same techniques, looms near. 


2. 


The progress of most areas in science can be estimated first by eount- 
ing journal articles, and then by enumerating textbooks, By this rule, 
human growth is growing right along. Though publications are dis- 
persed among the medical, physiological and anthropological literature, 
the sum total has increased to the point where no yearly review can do 
justice to them all. We are as likely to find a “ growth ” article in the 
Journal of Applied Physiology as in Growth, in Child Development as 
in Human Biology, in the Journal of Social and Preventive Medicine, 
as in the American Journal of Physical Anthropology. And the number 
of general texts has increased impressively since “ Growth > (Robbins 
et al., 28) and “ The Measurement of Man” (Harris e£ al., ’30). It is 
unfortunate that American readers do not have an opportunity to peruse 
De Toni's * L’acerescimento Umano” (754), and Suarez’ “ Crecimiento " 
(254), as they do Tanner’s splendid * Growth at Adolescence ” (56). 

Another rule for judging the progress of a science, is to enumerate 
those institutions where research is carried on, not just because of a 
lone investigator’s interest, but because the particular area has become 
recognized. In this country we have at least 5 permanent, well estab- 
lished centers: Merrill-Palmer, Iowa Child Welfare Station, Denver 
Child Research, The Harvard Study, and the Fels (cf. Tanner, 48). 
Besides these, there are active studies at the Forsyth Dental Infirmary, 
the University of Oregon, the University of Louisville School of Medi- 
cine, and the new and important Philadelphia Study for Research in 
Child Growth. And abroad, a very large number of studies have been 
inaugurated—in London, Oxford, Paris, Brussels, and Helsinki, Nutri- 
tional studies at Iowa are paralleled by nutritional studies in Mel- 
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тап: ʻape- 
bourne; major research is carried on in rom cii cies е 
town, while publications pour in from dapan D ей м vd 
Italy and (in a torrent) from the busy e qi i ree A — 

Still another test is that of financial support. 'lhis is not а : m 
test, because research relating to children appeals to PEE е 
over, research grants often follow fashion. Devise а grow th spem Qe 
that employs tranquilizers, and obtain funds by return mail! 8 3 ia 
are over two-dozen government and non-government agencies - t 
United States that stand ready to entertain applications in the 5 iid 
human growth. These may be entered under the following мк 
(1) Child Development, (2) Mental Health, (3) Maternal Liegen 
Health, (4) Nutrition, (5) Radiation, (6) Dental Health, mi ie 
Geneties, (8) Disaster Research, (9) Morale Studies, (10) < peii 
search, (11) Mental Deficiency and (12) Biometrics. To qua wei 
applicants, funds are now available for laboratory construction, uu 
ing, training of personnel, and education. Besides government, and i 
major philanthropies, growth research has been supported by p 
orders, civic duty clubs, women's organizations, religious groups, anc 
state affilliates of the large medical funds. 

And finally, in evaluating the present status of growth research, con- 
sider where human growth is taught. It is not in the medical schools, 
Where a meagre fraction of the lectures on Pediatries are devoted t0 
the elements of growth, nor in those few colleges where “ human 
growth” is offered as a part of biology, but in the departments of 
Psychology, Education and Child Development, that the most attention 
is currently given to the phenomenon of growth in man. Education 
majors are often given more information on growth (some of it inaccu- 


rate) than anthropology majors or biology concentrators. The growing 
field of Child Development, replacing H 


cludes a course on « 


wth, a degree that has 


premium value as state- 
lon expand. 


? The medical Schools feel th 


at growth is ade 
anatomy, and in lectures on ped 


quately presented in first-year 
iatries, This clai 


m may be viewed with doubt. 
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3. 


"Today's studies in human growth tend to differ from those of yester- 
year in being increasingly problem-oriented, theory-conscious, and bio- 
logically relevant. The purely normative, purely applied study, is being 
taken over by the medical profession, as is entirely proper. Тһе purely 
descriptive study, while still here, tends to be so much more conscious 
of theory and mechanisms as to have an entirely different flavor. And 
while height and weight are still included in growth studies, these two 
are increasingly employed as reference standards, rather than as prime 
variables. 

At the same time, studies in human growth are subjected to constant 
reappraisals both from within and without. 'The emphasis is less on 
“how to” and more оп “why.” Ten years ago the program at the 
Fels Research Institute was appraised by an advisory board, selected 
for that particular purpose. More recently the studies at the Denever 
Child Research Council were evaluated and within the past year a team 
from the University of Pittsburgh studied longitudinal studies and 
appraised them (Kodlin and Thompson, 756). These appraisals and 
evaluations, coupled with Tanner’s earlier admonitions (Tanner, 751, 
'52) have brought a “new look," a new approach to strategy, а com- 
mendable degree of self-criticism. Why collect growth data against some 
indefinite date in the future? Why use the longitudinal approach for 
problems essentially cross-sectional? Why pursue a problem when that 
problem no longer continues to exist ? 5 

As a result it would appear that there has been a healthy shift of 
attention from the approach to the problem. 'The very approach of the 
conventional longitudinal study (with its emphasis on well-off, healthy 
children) resulted in ignoring some very real problems of growth. 'The 
under-privileged child can contribute information on growth, so can the 
vietim of strife or pestilence. World events, in recent years, have 
brought about a host of * natural experiments." In the siege of Lenin- 
grad (Antonov, 47) and the terrible winter in Rotterdam (Smith, 747), 
the effect of maternal undernutrition has become evident. The capture 
and relocation of civilian populations has contributed important infor- 


з Both Sontag (755), and А. Г. Washburn (56) have commented on the 
optimistie “shotgun ” approach that characterized the early days of longitudinal 
studies (cf. Kodlin and Thompson, '56). Sontag, in particular, calls attention to 
the faet that problems change too. What is a burning problem of today, may 
appear passé a decade hence. 5 
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mation for growth research (cf. Garn and Moorrees, 29). And the 
changes in diet that followed the German occupation of Scandinavia, not 
only posed а major investigative problem, but the findings on dental 
health (Toverud, '56) may prove more revealing than a decade of lacto- 
baccilus counts and Stannous fluoride experiments on well-to-do Ameri- 
cans in Eugene, Oregon, or Trenton, New Jersey. 


4. 


Inevitably, growth studies have become more technological. Where 
once a yardstick and a beam-scale constituted the sum total of equip- 
ment, a vastly greater inventory of tools and techniques seems neces- 
sary today. No one study can afford all of them, or even an appreciable 
fraction of them. This constitutes an advantage in itself, а guarantee 
against sameness, the “me too” approach to research. Before pur- 
chasing a direct-writing electrocardiograph, an electromyelograph, or а 
recording dermal thermometer, the research worker needs to consider 
his overall plan and the relevance of the instruments to the purposes of 
his research, 

Our knowledge of growth in the living has been furthered much by 
radiography. Bone lengths, muscle size, fat thickness, heart size, dental 
formation, the growth of the cranium—all of these are best investigated 
through the medium of the x-ray film. And the possibilities of radiology 
have barely been explored. Tomography ,by way of example, has rarely 
been used in growth studies, and Paatero’s new system of pantomography 
(Paatero, 254) would seem to open new avenues for research. Since the 
high tension side of an x-ray unit can be triggered by a low-voltage 
signal, it is possible to “freeze” the heart, or a muscle complex in 
action. And by metallic Staining, radiography can now overlap with 
histology (O’Rahilly and Meyer, ?56). 


There is growing awareness of radiation hazards, and the long-term 


consequences of radiation far below the lethal dose (cf. Miller, 756). 
.Inevitably, this awareness Wil limit the extent of radiation used in 
growth studies, But it need not preclude the intelligent use of radiog- 
raphy: “shotgun” research has no basis for existing, there is no need 
to try x-rays of this and x-rays of that. There is no need to use more 
penetrating radiation than is absolutely necessary. “ No-sereen " film 
(sometimes used in taking carpal x-rays) requires ten times more expo- 
sure than does fast film with intensifying Screens. New “lightening а 
Screens can halve the total exposure again. Forced development yields 
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an increased density on the film, thus allowing a still lower exposure to 
x-radiation. Desides, more attention can be given to shielding. Why 
expose most of the body, to obtain a radiograph of a limb, when an 
adjustable “ Videx " or Phillips cone can limit radiation to the exact 
area required? Why encounter even the very low risk of mutations, 
when a simple lead-rubber shield can limit gonadal radiation to 0.02 R 
or less for an entire series of soft-tissue radiographs ? 

Interestingly, effective use of photography has rarely been made in 
growth studies. While photographs have been taken and published as 
examples of this or that, the fact that photography is a powerful tool, 
has been lost to sight, except perhaps to the followers of Sheldon. Yet, 
ав Gavan, Washburn and Lewis (752) demonstrated, a photograph 
can serve as substitute for the subject. Photographie anthropometry is 
quite practical with ordinary equipment or the “ Photometric ” camera. 
Photographs can yield measurements of small details, and can afford 
quantitative data on sexual maturation (cf. Garn, 259). Surface area сап 
be determined by planimetry of shadowgrams or specially-posed photo- 
graphs, as Benedict showed forty years ago, and Geoghegan (753) more 
recently. And for the study of the superficial blood vessels, infra-red 
photographs are better than the subjects, as the illustrations published 
by Abramson and Glazier (756) clearly show. 

While we may pride ourselves in going “beneath the surface” with 
skinfold calipers and deep radiography, there is still much to be learned 
from purely superficial studies. The pigments of living human skin bear 
considerable investigation (cf. Lasker, 754); they undergo profound 
changes during sexual maturation (Garn, Selby and Crawford, 756). 
Besides, the sebaceous secretions of the skin, the activity of apocrine 
and holocrine glands, and the behavior of labelled hair follicles remain 
to be studied throughout the life span. 


5. 


I have left until last mathematical and graphical analyses of growth 
in man. No one can doubt the potential contribution of mathematical 
analyses to the understanding of growth. At the same time, there is no 
great discovery in proving that a curve can be fitted, nor in demon- 
strating that some transform effectively straightens a curvilinear rela- 
tionship. Such work constitutes a necessary prerequisite for further 
studies and is not an end-point of itself. 

Moreover, there is a positive danger in generalizing from curves. 
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The “curve of population growth” works for man in the mass, but 
applies to not one individual child. Robertson argued that the ** adoles- 
cent spurt” was an inevitable characteristic of an autocatylitic mono- 
molecular reaction: today we know the hormonal basis of this very spurt. 
Тһе log/log plot appears to fit a variety of length/length data, but the 
same data often follow a straight line on simple linear coordinates. 

Curves, curve-fitting, points of inflection and differences in the value 
of k are meaningful when they are related to biology, or when they bear 
upon or suggest new biological mechanisms. Huxley’s hypothetical Mar- 
tian, given age-size data for individual human beings, would correctly 
infer some important change occurring shortly after the first decade. 
and a second change sometime in the second decade. That selfsame 
erudite Martian, would correctly infer (from the shifting value of k) 
that the growth of the human embryo changes abruptly at the end of 
the first trimester. Both facts would be new to the Martian: they are 
not new to us! 

This observation applies to many of the mathematical analyses of 
growth that can be found in the literature today. It is not that the 
logistic curve, or Courtis “ personalized ” double-log cycles, or neo- 
Huxleyan allometry are wrong, it is that the applications are rarely 
rooted in biology, and still more rarely relate to the biology of growth. 


6. 


What to say about research in human growth? I have tried twice, 
once by myself (Garn, '56b) and once with company (Sontag and Garn, 
754), to review a part of the literature. Krogman's recent compendium 
(Krogman, 756), absolves me from part of that task now. I have 
attempted here to indicate some of the less obvious things about human 
growth studies, to highlight some of today's work and to suggest some 
of tomorrow's findings. 

The measurement of human growth has not changed radically since 
“The Measurement of Man ” (Harris et al., 230), and * Growth ” (Rob- 
bins et al., 28). Even with tricoordinate anthropometry, the photometric 
camera, and teleoroentgenogrammetry—a horrid word—our knowledge 
of the growth phenomenon is not notably different from what Scammon 
knew. 

I cannot discern the existence of a New Human Growth, a develop- 
mental twin to Washburn’s * New Physical Anthropology.” Today's 
most intriguing problems in growth are contemporary with Montbeillard, 
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Buffon and Galton, Hrdlička, Todd and Seammon. We still want to 
know why we grow, and why we grow as we do grow. 

I have been fortunate in having had a chance to investigate phe- 
nomena accessible only through biochemistry, roentgenology, or spectro- 
photometry. Yet the serum lipids, the development of the permanent 
molars, or the pigments of living human skin do not contribute to the 
knowledge of growth unless they indicate how we grow, why we grow, 
how size and form are attained, or how any of these can be modified. 
Тһе problem of growth remains the foremost problem in research re- 
lating to growth. To coin a cliche, the proper study of growth research 
is growth. 
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GROWTH OF SOUTH AFRICAN BABIES IN THE 
FIRST YEAR OF LIFE” 


BY EVA J. SALBER ? 


This paper is a report of growth of European, Colored, Bantu and 


Indian babies in the first year of life, as measured by their weights from 
two to 52 weeks. 


MATERIAL USED AND METHOD OF ANALYSIS 


This is a mixed longitudinal and cross-sectional study, since— 
although the same babies are followed over a year,—not all the babies 


attended every week, and the sample and number of babies at each week 
therefore varies. 


Data were extracted from the records of: 
2096 European infants: 1116 boys, 980 girls. 
1303 Bantu infants: 628 boys, 675 girls. 
579 Colored infants: 284 boys, 995 girls. 
509 Indian infants: 250 girls. 
АП available records from the Durban Municipal Child Welfare Clinics 


from 1948—1951 were used, but multiple births and records of infants 
who had attended less than 6 tim 


The data extracted consisted of тас 


259 boys, 


es in their first year were excluded. 


е, sex, birth rank, birth weight where 
available, dates of attendance and weights at those attendances from two 
to 52 weeks, Since in the non-European groups the birth weight was 
often not recorded and a certain number of premature babies must 
inadvertently have been included in the records 


used, premature babies 
ean group were deliberately included so as to make the 
records comparable. 


* This paper forms part of the material of an M.D. thesis 
Town. | i 


? Formerly of Department of Medicine, Universi 
à я y ersity of С ү 1 
Institute of Family and Community Health, adam ЖАР 


University of Cape 
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In the first instance, the growth curves and rates of growth were 
compared in the four racial groups, for boys and girls Separately. Mean 
weights and standard deviations were worked out for each week from two 
to 52 weeks. Тһе figures were then smoothed by taking a running 
average over 5 weeks, for example the 8 week figure was an average of the 
mean weights at 6, 7, 8, 9 and 10 weeks. At each end of the scale (2-3 
and 51-52 weeks) this was not possible, so the third week weight and 
the 51st week weight were calculated on an average of three weeks only 
(2, 3, 4 and 50, 51, 52) while the second week and the 52nd week showed 
the actual weights for that week only. These figures were used for the 
graphs and also for caleulating increments of growth. 

The rates of growth of the babies of the four racial groups were 
caleulated at four week intervals during the first year, by successive 
substraction of mean weights at those age levels, and this was expressed 
also as the number of ounces gained per week. 


RESULTS 


ТаМез 1-4 show the mean weights from two to 52 weeks for each 
racial group, boys and girls separately. First born (rank 1) and subse- 
quently born (rank 2-++) and combined. Charts l(a) and (b) are a 
comparison of the growth eurves of European, Colored, Bantu and 
Indian babies during the first year of life, for boys and girls separately, 
all ranks combined and irrespective of birth weights. 


Boys 

(1) At the beginning of the year European babies are the heaviest, 
Indian babies the lightest, and the Colored and Bantu babies oceupy an 
intermediate position with the Colored slightly higher than the Bantu. 
At the end of the year, the European babies are still the heaviest and the 
Indian the lightest, but the Colored and Bantu, although still occupying 
an intermediate position have reversed their places, the Bantu now 
being heavier than the Colored. 

(2) At three weeks the European and Colored weights are the same, 
8.40 lbs and 8.42 lbs, while the Bantu are slightly less at 8.22 lbs and the 
Indian about a pound lower at 7.33 lbs. At 51 weeks the gap has widened 
considerably with Europeans 22.53 lbs and the difference between Euro- 
pean and Bantu being 1.59 lbs, European and Colored 2.17 lbs, and 
European and Indian 4.28 Ibs. Fifty-one weeks has been chosen rather 
that 52 weeks because of a peculiar Spurt shown by the Bantu and 
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TABLE 1 


Weights of Europcan infants (in pounds) from 2-52 weeks 
(running averages) 


RANK 1 RANK 2+ ALL RANKS 
WEEK Boys Girls Boys Girls Boys Girls 
2 7:85 7.95 8.00 7.74 198 7.55 
3(2-4) 823 ТЛТ 851 8.17 840 801 
4(2-6) 8.00 8.22 8.00 858 8.83 8.43 
5(3-1) 9.08 8.65 9.39 8.99 9.26 8.84 
6 (4-8) 9.50 9.68 996 
7 (5-9) 9.92 10.10 9.04 
8(6-10) 10.34 10.50 10.01 
9(7-11) 10.74 10.91 10.37 
10(8-12) 11.12 11.30 10.76 
11(9-13) 11.53 11.60 11.09 
12 (10-14) 11.94 12.00 1146 
13(11-15) 12.36 12.449 11.83 
14 (12-16) 12.15 12.87 1947 
15(13-17) 13.16 13.27 12.51 
16 (14-18) 13.56 13.00 12.86 
17 (15-19) 13.92 14.029 13.19 
18(16-20) 14.26 14.38 13.51 
19 (17-21) 14.62 1413 13.84 
20(18-22) 14.97 15.08 1414 
21(19-23) 15.26 15.89 1445 
22(20-24) 15.61 15.70 14.73 
23(21-25) 15.90 16.00 15.02 
24 (22-26) 16.22 16.31 15.32 
25 (23-27) 16.49 16.59 15.58 
26 (24-28) 16.79 16.88 15.85 
27 (25-29) 17.03 17.17 16.14 

28 (26-30) 17.33 17.45 5 
29 (27-31) 17.59 us DX 
30 (28-32) ird 70 16.05 
31129-38) 1088 17.99 16.91 
32 (30-34) 1542 1824 17.16 
33 (31-35) aire 18.48 17.38 
= 18.73 17.58 

34 (32-36) 18.86 

35 (33-37) 15-50 18.05 17.82 
30034-38) Е 19.17 18.08 
37 (35-39) 1952 19.40 18.33 
38 (30-40) xe 19.65 18.57 
39(37-41) 20.05 19.85 18.84 
40 (38-42) 2092 20.13 19.07 
41 (39-43) oue 20.32 1924 
42 (40-44) aor 20.54 19.44 
43(41-45) $0.98 20.70 19.60 
44 (49.46) oru 20.96 19.78 
45 (43-47) 21.44 21.12 19.90 
46 (44-48) 21.61 21.29 2040 
47 (45-49) sin 2147 9091 
48 (46-50) 22.12 2170 2041 
49 (41-51) 22.31 21.80 20.55 
50(48-52) 2956 22.09 9076 
51(50-59) 9980 22.30 20.96 
59 5504 92,53 9117 


22.07 21.59 
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TABLE 2 
Weights of Colored infants (in pounds) from 2-52 weeks 
(running averages) 

RANK 1 RANK 2+ ALL RANKS 

WEEK Boys Girls Boys Girls Boys Girls 
2 7.99 7.96 7.89 7.76 
3(2-4) 7.90 7.56 8.58 8.19 8.42 8.02 
4(2-6) 8.42 8.10 9.10 7 8.90 8.43 
5(3-7) 8.85 8.56 9.60 9.38 8.81 
6(4-8) 9.32 9.01 10.07 9.84 9.22 
7(5-9) 9.75 9.40 10.52 10.29 9.64 
8(6-10) 10.22 9.78 10.94 10.72 10.03 
9(7-11) 10.70 10.16 11:51 E 11.13 10.43 
10(8-12) 11.11 10.54 11.75 10.91 11.56 10.79 
11(9-13) 11.45 10.90 12.1 11.22 6 11.12 
12(10-14) 11.79 11.29 12.46 11.51 11.44 
13(11-15) 12.13 11.56 12.83 11.80 11.72 
14(12-16) 1248 11.93. 13.05 12.13 6 12.06 
15(13-17) 12.84 12.21 13.24 12.34 13.12 12.30 
16(14-18) 13.20 12.51 13.53 12.02 13.44 12.58 
17 (15-19) 13.04 12.89 13.81 12.88 13.74 12.89 
18(16-20) 14.07 13.35 14.05 13.14 14.00 13.22 
19(17-21) 14.37 13.59 14.52 13.42 14.46 1347 
20(18-22) 1470 13.89 14.82 13.76 1478 13.80 
21(19-23) 15.00 14.37 15.14 1443 5.0% 14.16 
22 (20-24) 15.24 14.49 15.43 43: 14.34 
23(21-25) 15.36 14.63 15.74 a Д 14.49 
24 (22-26) 15.54 14,80 15.89 .6 5. 14.70 
25 (23-27) 15.69 15.19 16.18 14,99 16.03 14.96 
26 (24-28) 15.76 15.14 16.47 5 16.33 15.09 
27 (25-29) 16.00 15.42 16.68 10.54 15.37 
28 (26-30) 15.25 16.89 10.73 15.73 
99(97-31) 17.16 15.79 17.03 15.90 
30 (28-32) 17.50 16.09 17.31 16.09 
31(29-33) 17.63 10.00 17.41 16.20 
32 (30-34) 17.86 16.16 17.67 16.35 
33 (31-35) 18.05 16.32 17.93 16.44 
34 (32-36) 18.04 16.61 18.02 16.70 
35 (33-37 ) 18.16 16.63 1817 16.80 
36 (34-38) 18.30 16.82 18.34 16.98 
37 (35-39) 18.51 17.04 18.51 17.20 
38(36-40) 18.59 17.10 18.62 17.39 
39 (37-41) 18.88 17.04 18.81 17.47 
40(38-49) 18.88 17.28 18.86 17.80 
41(39-43) 19.07 17.69 18.99 18.10 
42 (40-44) 19.21 17.72 19.5 1817 
43(41-45) 19.20 17.90 1912 18.29 
44 (42-46) 19.27 18.10 19.24 18.43 
45(43-47) 19.26 18.01 19.28 18.31 
46 (44-48) 19.23 17.99 19.39 18.33 
47 (45-49) 19.20 18.14 1947 18.50 
48(46-50) 19.55 18.11 1974 18.50 
49(47-51) 19.72 18.34 19.80 18.80 
50 (48-52) 20.17 18.60 20.23 19.02 
51 (50-52) 20.41 18.77 20.36 19.21 
52 21.00 18.81 20.94 19.22 
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TABLE 3 


Weights of Bantu infants (in pounds) from 2-52 weeks 
(running averages) 


RANK] RANK 2+ ALL RANKS 
WEEK Boys Girls Boys Girls Boys Girls 

9 6.75 7.44 7.60 7.29 
3(2-4) 144 8.05 8.22 7.90 
4(2-6) 8.02 8.60 8.80 8.46 
5 (3-7) 8.58 9.14 9.38 9.01 
6 (4-8) 9.13 9.65 9.98 9.54 
7(5-9) ў 9.67 10.12 10.55 10.03 
8(6-10) 10.83 10.21 10.58 11.13 10.51 
9(7-11) 11.48 10.68 11.67 10.06 

10(8-12) 12.01 11.21 12.15 : 

11(9-13) 12.46 11.58 12.60 

12(10-14) 12.80 12.05 13.09 13.05 

13(11-15) 13.20 12.46 13.46 13.42 

14(12-16) 13.64 12.82 13.86 13.84 

15(13-17) 14.03 13.08 14.17 

16(14-18) 14.44 13.49 

17(15-19) 14.87 13.74 

18(16-20) 15.32 14.07 

19(17-21) 15.63 14.27 

20 (18-22) 15.98 14.57 

21 (19-23) 16.19 14.86 

22 (20-24) 16.47 15.10 

23 (21-25) 16.58 15.33 

24 (22-26) 16.83 15.68 

25 (23-27) 17.06 15.84 

26 (24-28) 17.23 16.10 

27 (25-29) 17.39 16.25 

28 (26-30) 17.70 16.45 

29 (27-31) 17.79 16.77 

30 (28-32) 17.00 17.12 

31 (29-33) 18.31 17.26 

32 (30-34) 18.52 17.50 

33 (31-35) 18.74 17.61 

34 (32-36) 18.92 17.67 

35 (33-37) 19.10 17.78 

36 (34-38) 19.14 17.82 

37 (35-39) 1915 17.96 

38 (36-40) 17.82 

39 (37-41) 

40 (38—42) 

41 (39-43) 

42 (40-44) 

43 (41-45) 

44 (42—46) 

45 (43-47) 

46 (44-48) 

47 (45-49) 

48 (46-50) 

49 (47-51) 

50 (48-52) 

51(50-52) 


52 
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TABLE 4 


Weights of Indian infants (in pounds) from 2-32 weeks 
(running averages) 


RANK 1 RANK 2+ ALL RANKS 
WEEK Boys Girls Boys Girls Boys Girls 
2 
3(2-4) 6.63 7.33 6.70 
4(2-6) 7.45 7.94 7.35 
5(3-7) 8.18 1.87 8.39 7471 
6(4-8) 8.44 8.37 8.81 8.23 
1(5-9) 8.78 7.90 8.07 9.27 8.53 
8(6-10) 9.15 8.27 8.09 9.64 8.78 
9(7-11) 9.56 8.71 9.32 10.00 9.11 
10(8-12) 9.96 9.07 10.36 9.44 
11 (9-13) 10.42 9.44 10.76 9.69 
12 (10-14) 10.73 9.87 10.21 11.07 10.04 
13(11-15) 11.04 10.23 10.55 11.35 10.38 
14(12-16) 11.34 10.45 10.82 11.65 10.64 
15 (13-17) 11.60 10.69 11.02 12.02 10.85 
16(14-18) 11.95 11.03 11.27 2.35 11.19 
17 (15-19) 12.32 11.12 11.45 12.69 11.27 
18 (16-20) 12.67 11.36 11.56 12.95 11.41 
ә 19(17-21) 13.03 11.58 11.70 13.94 11.57 
20(18-22) 3.32 11.93 13.45 
21(19-23) 3.57 4 12.19 13.67 
22 (20-24) 13.70 12.31 12.47 13.84 
23 (21-25) 13.78 12.59 12.64 14.06 
12.86 12.85 14.32 
13.04 12.98 14.52 
13.26 13.13 14.75 
13.36 14.97 d 
13.54 15.25 13.55 
13.79 1540 13.77 
Т 14.03 15.62 14.04 
31(29-33) 15.55 14.21 15.80 14.24 
32 (30-34 15.34 14.27 15.99 14.29 
33(31-35) 16.06 14.51 10.08 14.52 
34 (32-36) 14.68 16.20 14.68 
35(3 14.76 16.27 14.30 
36 (3 14.73 16.35 14.84 
37 (3: 15.06 16.44 15.14 
38 (36-40) 15.17 16.50 15.25 
39 (37-41) 15.39 16.64 15.47 
40 (38-42) 15.48 16.70 15,59 
41 (39-43) 16.79 15.71 
42 (40-44) 16.88 15.80 
43 (41-45) 17.04 15.00 
44 (42-46) 17.23 15.98 
45 (43-47) 16.01 17.41 16.20 
46 (44—48) 16.20 17.46 16.45 
47 (45-49) 16.12 17.56 16.41 
+48 (46-50) * 16.22 17.68 16.60 
49(47-51) % 16.40 17.75 16.70 
50(48-59) 16.69 17.90 17.06 
51(50-52) 17.02 18.25 17.55 
52 17.66 18.71 18.54 
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Colored during the last week of the year, whieh may be a true pieture, 
but is probably due to the smallness of the number at this point of 
the graph. 

(3) Тһе Colored boys, although they start below the European, and 
as we know have a lower birth weight than the European, at three weeks 
have reached the European level and then actually rise above the 
European weights, although not by very much, until 14 weeks, when 
once again their weights drop below the European level. "Thereafter there 
is a gradually increasing difference between these two groups for the rest 
of the year. 

(4) In the first 8 weeks, although the Indian boys are below the 
European because of their lower birth weight, the European and Indian 
curves run parallel to each other showing the same amount of increase. 
The gap widens gradually from 8-32 weeks, with considerable disparity 
thereafter. 

(9) Тһе Bantu pattern is quite different from the European. They 
start below the European because of their lower birth weight, but by 5 
weeks they have overtaken the European boys and remain above their 
level until 30 weeks. From 30 weeks there is a marked flattening of the 
Bantu eurve and at 51 weeks the difference between European and 
Bantu babies is 1.59 Ibs. 


Girls 

(1) As with boys, at the beginning of the year European girls are 
the heaviest, Indians the lightest and Colored and Bantu occupy an 
intermediate position with the Colored slightly higher than the Bantu, 
At the end of the year, again, the Europeans are still the heaviest and 
the Indians the lightest but the Bantu are heavier than the Colored, 

(2) At three weeks of age European and Colored weights are the 
same, 8.01 lbs and 8.02 lbs, Bantu slightly less at 7.96 lbs and Indians 
considerably less at 6.70 lbs. At 31 weeks the European weight has 
reached 21.17 lbs and the difference between European and Bantu is 
1.30 Ibs, between European and Colored 1.96 Ibs and between European 
and Indian 3.62 lbs. 

(3) Colored girls start off slightly heavier than European girls at 
two weeks of age, but from three to 12 weeks there is very little difference 
between them. After that the pattern is the same as that shown by 
the boys. 

(4) The curve of the Indian girls runs parallel to that of the 
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European girls for the first 6 weeks only (boys 8 weeks) and after that 
the pattern is similar to that displayed by the boys. 


(5) Bantu girls overtake European girls by four weeks and follow 
the same pattern as the boys, but the curve does not flatten as much and 
the difference at 51 weeks is 1.3 lbs (not as great a difference as the boys). 


COMPARISON OF RATE OF GAIN (INCREMENTS) 
Boys, all ranks (See ТаМе 5a). 


TABLE 5a 


4-week increments of weight (smoothed) 
boys—all ranks 


EUROPEAN COLORED BANTU INDIAN 
incr. oz.per тег. ол. per тег. oz. per incr. oz. per 
(lbs) week (Ibs) week (lbs) week (bs) week 


Birth weight 7.48 == = = 
weeks 
0- 2 50 40 — — — 
2-4 85 6.8 1.01 $81 1.20 9.6 185" 6.8 
4-8 1.7 67 182 73 2.33 93 170 0.8 
8-12 159 6.4 1.56 6.2 192 7.7 143 57 
12-16 1.57 6.3 116 4.6 149 0.0 1.28 51 
16-20 142 5.7 134 54 1.23 4.9 110 44 
20-94 123 49 09 40 94 3.8 187 3.5 
114 46 96 38 9з 3.7 93 37 
103 41 94 3.8 66 2.6 ла 30 
92 3.7 67 27 63 2.5 16 14 
99 3.7 52 291 ла 3.0 41 16 
180 32 188 15 04 2 47 19 
Л4 3.0 50 2.0 54 92 45 18 
81 3.2 120 48 1.65 6.6 103 41 
44 35 49 3.9 45 3.6 22 17 
Total 2-52 14.69 13.05 14.30 11.02 
2-50 14.32 12.35 13.10 10.81 


* Assuming 


1 ai г week TN 
from 4-8 € a 16 gain per week from 2-4 weeks to be at least as great as that 


(1) Europeans. From two to ?0 weeks rate of growth is most rapid 


he es between almost 6 ozs to almost 7 ozs per week. From 20 to 32 
e wo 15 not as rapid—4 to 5 ozs per week. After that until the 
end of the year it is between 3 and 4ozs per week with a total gain of 
14.69 Ibs from 2 to 52 weeks. 

(2) Colored. From two to 12 


Е 2 weeks colored babies show their most 
rapid period of grow 


th—6 to 8 ozs per week, and during the first 6 weeks 
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their rate of growth is even greater than that of Europeans. From 12 
to 32 weeks rate of growth decreases and varies between 3 to 5 ozs per 
week. After that there is a fairly sharp decrease—to between 1i and 
3075 per week. The last four-week period shows an average increase 
of 4.8 ozs per week, but owing to the smallness of the numbers at this 
end of the scale, this is not considered a reliable figure. Тһе total gain 
from two to 52 weeks is 13.05 Ibs. 

(3) Bantu. From two to 8 weeks Bantu rate of growth is the most 
rapid of all the racial groups being over 9 ozs per week. From 8 to 16 
weeks growth is still very rapid, between 6 and 8 ozs per week. From 
16 to 28 weeks rate of gain is 31 to 5 ozs per week, and from 98 to 52 
weeks it is only about 23 ozs per week. Again the figure for the last four- 
week period is probably not reliable. The total gain from two to 52 
weeks is 14.30 lbs. 

(4) Indians. As there is no weight at two weeks for Indian babies 
owing to insufficient data, the information only starts from four weeks 
of age. From four to 16 weeks Indian babies grow most rapidly and gain 
from 5 to 7 ozs per week. From 16 to 30 weeks rate of gain has slowed 
and is 8 to 4} ozs per week. "Thereafter their growth is very slow—from 
1% to 2025 per week. Again the last four-week figure is probably 
unreliable. Assuming the gain per week from two or four weeks to be not 
less than the weekly gain from four to 8 weeks, total gain from two to 52 
weeks would be 11.62 lbs approximately. 


From the foregoing we see that from two to 8 weeks European boys 
gain the least weight of the four racial groups, with the Bantu gaining 
the most weight, followed by the Colored, and then by the Indian. From 
8 to 12 weeks the Bantu are still gaining more than the European boys, 
but from 12 weeks onwards to European boys gain more than any other 
group. In the non-European groups the Bantu gain most weight from 
two to 16 weeks, more than either the Colored or the Indian. After 16 
weeks, however, in spite of certain slight irregularities, Colored boys gain 
more than either Bantu or Indian boys. But because of the tremendous 
amount of weight that Bantu boys have gained in the first 16 weeks 
(6.941bs as against 5.681bs for European, 5.55 105 for Colored, 5.26 lbs 
for Indian) by the end of the year the Bantu weights are still above 
the colored and Indian groups in spite of the greater birth weight and 
the greater gain from 16 weeks shown by the Colored boys. 

In the first (from two to 16 weeks) Bantu boys have gained 


„чт ж, 
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6.94 lbs as against only 6.16 lbs in the next 34 weeks (16 to 50 weeks). 
They are the only group who have actually gained more in this first 
period (two to 16 weeks) than during the rest of the year. This is due 
both to the largeness of the gain during the first period and the small- 
ness of the gain during the second period. 

Expressing the gain from 16 to 50 weeks as a percentage of the gain 
from two to 16 weeks, we find the following result: 


European 152% Colored 122% Bantu 89% Indian 106% 
Girls, all ranks (See Table 5b). 
TABLE 5b 


4-week increments of weight (smoothed) 
girls—all ranks 


EUROPEAN COLORED BANTU INDIAN 
тег. oz.per тег. oz.per iner. oz. per incr. oz. рег 
(lbs) week (lbs) week (lbs) week (Ibs) week 
Birth weight 7.20 — — = 
weeks 
0- 2 385 - - — 
2-4 188 4754 1.17 94 42* 5Л 
1.98 1.00 6.4 2.05 8.2 143 5.7 
1.45 141 5.6 173 6.9 1.26 5.0 
149 1.14 46 145 5.3 108 4.3 
1.28 122 49 1.05 42 70 2.8 
1.18 90 3.6 107 43 97 39 
1.09 103 41 Л1 98 76 3.0 
97 62 2.5 83 33 74 30 
E 63 95 50 2.0 55 2.2 
91 82 33 60 2.4 45 3.0 
66 63 95 20 8 .39 1.6 
65 07 3 84 34 62 25 
OT 72 29 44 18 1.94 7.8 
41 49 3.9 184 97 46 37 
13.97 11.46 12.64 11.91 
13.41 11.23 12.54 10.43 


* Assuming the gai veek X 
fim d x gain per week from 2—4 weeks to be at least as great as that 


(1) Luropeans. Growth rate is again most rapid from two to 20 
weeks—between 5 to 7 ozs per week. From 20 to 40 weeks rate of gain 


is less rapid—between 33 to 5 ол per week. From 40 weeks onwards the 


gain is just over 23 ozs per week. Total gain from two to 52 weeks is 
13.97 lbs. 


(2) Colored. Colored girls have their most rapid period of growth 
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between two and 12 weeks—54 to 63 ozs per week. From 12 to 28 weeks 
the gain is 3} to 5 ozs a week and from 28 weeks onwards average gain 
is about 23 025 a week. Total gain from two to 52 weeks is 11.46 Ibs. 

(3) Bantu. Rate of gain for Bantu girls is very rapid from two to 
8 weeks—S to 94 ozs a week. From 8 to 16 weeks gain is still rapid at 53 
to 7 ozs a week. From 16 to 24 weeks weight gain is a little over 4 ozs a 
week but from 24 weeks to the end of the year the gain is rather irregular 
and only between one to three ounces a week. Total gain from two to 52 
weeks is 12.64 lbs. 


(4) Indians. The most rapid period of growth here is from four to 
16 weeks at 4 to 6 ozs а week. From 16 to 32 weeks it has become 23 to 
4 023 a week. From 32 weeks onwards (disregarding the 48 to 52 week 
figure) the gain has slowed to 14 to З ozs a week, Again a two-week 
weight has been assumed giving a total gain from two to 52 weeks of 
11.91 lbs approximately. 

Summarising the above we see that the Bantu rate of gain from two 
% 16 weeks is greater than that shown by the other racial groups. In 
the four to 8 weeks period the Colored gain is also very slightly higher 
than that of the European, but Indian girls always gain the least of the 
four groups. Bantu girls have gained the greatest amount of weight as 
compared with the other three groups from two to 16 weeks of age, but 
unlike the boys, European girls from two weeks onwards gain more 
weight than either Colored or Indian girls. The picture is not as clear 
for the girls as for the boys, but from 16 weeks Colored girls gain more 
than either Bantu or Indian girls. 

Expressing the gain from 16 to 50 weeks as a percentage of the gain 
from two to 16 weeks the results are: 


European 152%, Colored 119%, Ваши 96%, Indian 18266. 


DISCUSSION 


A fair number of growth studies in infancy mainly cross-sectional 
or mixed cross-sectional longitudinal have been done. A few investigators 
Show weekly weights during the first year, others monthly weights; some 
given figures at four-week intervals, and yet others give results at three- 
month intervals. Weights are sometimes shown in kilograms, sometimes 
in pounds and ounces, or in pounds and fractions of pounds, It is 
difficult, therefore, to compare all these studies with the results of the 
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present investigation in which the weights are shown at weekly levels in 
pounds and decimals of a pound. Ten American and British studies are 
compared with the results for white South African babies (table 6), and 
where results have been given in kilograms or in pounds and ounces, the 
figures have been converted to pounds and decimals of a pound. Where 
percentiles have been used, the 50th percentile, i.e., the median value 
has been taken to compare with the means. No use was made of the 
results of studies given at four-week intervals, since they could not be 
converted to monthly figures, and where weekly figures were given the 
weights at 13, 26, 39 and 52 weeks were taken and expressed as 3, 6, 9 
and 12 monthly weights. Figures for boys and girls are shown separately 
in each investigation. Most of the data are derived from child welfare 
clinic records, but some are selected samples of babies of good economic 
level receiving optimal pediatric and home care. 

It can be seen that all the growth curves of the boys and girls in 
America and England are very similar, and the South African European 
figures do not differ to any extent from those of the other investigators. 

The growth curves of the Colored, Bantu and Indian boys and girls 
however, do not folow the European pattern and deserve some detailed 
comment. From 2-8 weeks European boys gain the least weight of the 
four racial groups, but from 12 weeks onwards they gain the most, and 
their total gain from 2-52 weeks is 14.69 lbs as compared to 13.05 lbs for 
Colored, 14.30 55 for Bantu and 11.62 165 for Indian boys. 

This picture is not as clearly seen in the girls, for European girls 
after two weeks of age gain more weight than either Colored or Indian 
girls though the Bantu girls gain more than the European for the first 
16 weeks. The total gain in weight from 2-52 weeks in European girls 
is 13.973 as compared with 11.46 lbs for Colored, 12.641bs for Bantu 
and 11.91 lbs for Indian girls. 


Why do the European babies gain relatively little weight in the first 


2-8 months of life when there is no doubt of their greater gain there- 
after? 


It is the opinion of the writer that European babies on the whole are 
underfed in early life when they are on the breast or given a bottle. 
Time and again one has seen the remark “ baby overfed ” when the child 
has gained 80z in a week. "The mother is told to feed every four hours 
instead of every three or to feed for a shorter time, 


or to give less in the 
bottle. Тһе non-European mother, on the whole ignores this advice, since 
in any case she usually does not have a clock 2nd anyhow feeds “оп 
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demand." In most cases her baby is breast fed and she worries far 
more about whether he gets enough milk rather than too much milk. 


TABLE 6 


Comparison of weights in first year of life; American, British and 
South African (Mean weight in lbs.) 


AGE MALES 
MONTHS 1 2 3 4 5 6 T 8 9 10 11 
Birth 7.5 7.6 7.63 7.48 

1 8.58 9.01 9.3 8.5 

2 11.00 11.62 11.4 9.9 

3 12.16 13.31 13.4 11.89 12.16 14.34 13.05 12.6 191 13.06 12.49 

4 14.52 14.81 15.2 14.74 13.9 

5 16.28 10.48 16.8 16.20 15.4 

6 17.60 17.86 18.0 16.10 16.77 18.07 17.46 167 16.8 17.5 16.88 

7 18.04 19.27 19.0 18.56 18.0 

8 19.58 20.46 19.9 19.55 19.2 

9 20.46 21.45 20.7 19.35 20.34 21.70 20.47 20.0 20.2 20.75 20.13 

10 20.08 22.02 21.5 21.22 20.9 

11 91.50 93.30 22.1 21.95 21.7 

12 22.00 24.11 22.8 21.46 23.13 23.82 22.59 222 994 23.13 22.07 

FEMALES 
Birth 74 7.3 7.38 7.20 

1 8.2 

2 9.4 

3 11.24 1125 13.02 12.16 12.4 11.9 12.06 11.83 

4 13.69 12.8 

5 15.09 14.9 

6 1518 15.44 17.04 16.36 16.0 15.6 1695 1585 

7 17.49 16.7 

8 18.49 17.6 

9 18.12 18.70 19.73 19.34 19.2 18.6 19.13 19.07 

10 5 19.97 19.3 

11 20.08 20.53 20.0 

12 90.46 20.00 20.56 21.88 21.03 21.5 20.8 21.50 2152 

Investigations 
1. Iowa Child Welfare Research Station (731). 
2. Bayley and Davis (735). 
3. Peatman and Higgons (728). 
4. Hill and Magee (738). 
5. Lewis-Fanning and Milligan (744). 
6. Simmons (744). 
7. Gore and Palmer ('49). 
8. Children's Medical Center Boston ('49). 
9. Norval et al, (51). 
10. Parfit ('51). 
11. Present Investigation (White S. African). 


Even the Colored mother who is to all intents and purposes a “ poor 
European? still tends to breast feed her baby and ignore the clock, 
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although many Colored mothers wean their babies very early, and go to 
work, and non-European babies on the bottle almost invariably get two 
dilute a milk mixture in an attempt to make the tin of powdered milk 
last a little longer. It is the writer's experience, and this impression 
has been confirmed by many medical officers working with Indians, that 
Indian mothers complain of insufficient breast milk very early on. They 
do not wean their babies but supplement the feeds, though often inade- 
quately. The Bantu mother, on the other hand, is a magnificent lactator, 
and it is the exception for her to wean the baby because of insufficient 
breast milk. Early weaning is far more often due to belief that her milk 
has been poisoned, and unless she can be persuaded to the contrary, the 
outlook for those babies is very bad. 

Wickes (52) quotes figures of average weight gain in the first few 
months of life taken from standard pediatric textbooks as 4—6 oz a week. 
Spock (746) gives the most liberal figure (7—8 oz a week). In the present 
study figures for weight gain from 4-13 weeks are 6.5 ож per week 
for European boys and 6.0 oz for European girls. Wickes followed up 
503 babies born at St. Bartholomew’s Hospital and then singled out all 
infants who had temporary set-backs due to illness and feeding difficul- 
ties. This left a residual group of infants who had a “smooth passage 
since birth.” These infants were then classified according to whether 
they were satisfied or not when first seen, and the 214 babies in the 
satisfied group were taken to be a normal collection of healthy, well-fed 


babies. Their rate of gain was compared with the remainder of tl 
The median rate of 


(9 02 per week). 

evidence that the g 
He selected three i 
to be aimed at, breast-fed babies who gained 
venth week. Their weights at 
d at one year they were between 
dy gain of 3 ол per week, i. е., 


i s with feeding problems at this 
when restricted, commonly cry and vomit. If the 

н n suspected, if gaining normally, 
4 » Whereas only if the gain is low is the true 
nature of the difficulty appreciated. Presumably many of the unsatisfied 
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infants would have been contented if the feeds in the early weeks had 
been adequate to allow for some degree of ‘ stoking up.’ ” 

Wickes concludes that infant feeding practice to-day underestimates 
the requirements of the young baby. Underfeeding he considers to be 
extremely prevalent due to inadequate lactation, inappropriate formulas, 
ignorance of the optimal rate and curve of growth, and “a morbid fear 
of overfeeding in the early weeks.” 

Wood (52) showed that many babies admitted to hospital for 
vomiting of unknown origin were underfed babies. Vining (752) found 
overfeeding at the breast to be exceptionally rare, but underfeeding only 
too common. * Babies are not like penny-in-the-slot machines, and I 
feel sure we have done harm in insisting on exact quantities, exact 
times, and feeding by the clock." 

It is interesting, in this connection, to compare the mean weights of 
the boys and girls attending the “ private clinic” of a Durban practi- 


TABLE 7 


Gain in weight during first postnatal year of three selected infants 


M. P. Қ.Р, Р.Р. 
WEEKS Totalgain oz/wk. Totalgain oz/wk. Totalgain  oz/wk. 
4-13 4 lb 03 oz 7.1 41 1 oz 7.2 5 lb 2} 02 9.2 
13-26 Е ы 6.4 5 * 104 “ 7.0 Өлш 45 7.8 
20-39 pig * 6.4 кек” 5.7 5e Bee 6.7 
39-50 “1% 3.6 == ыы 4.0 8*9 = 4.5 


tioner with those attending the municipal clinic. Until 14 weeks of age 
the private clinic children grow, if anything, less well than the municipal 
clinie children, showing that the same pattern of underfeeding prevailed 
in a better off section of the community. The effect of increased income 
was seen at the period of introduction of foods into the baby's diet, and 
was most marked towards the end of the year. (Salber 755). 

As a point of interest too, the weight gains of three of the writer's 
children are included (table 7). Unfortunately there is no record of 
the weights of the first child, but his pattern was very much the same. 
All the children were breast-fed. M. P. (male) on an elastic four-hour 
schedule with night feeds, R. P. (female) and P. P. (male on “ self- 
demand." АП three showed a great potentiality for growth and all were 
“colicky ? babies, M. P. and В.Р. for 6 weeks, and Р.Р. for three 
months. Looking back at their records it seems possible that though 
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their early rate of gain was satisfactory according to the standards 
taught, and although there was sufficient milk (by test feeds) it is 
quite likely that they required still more milk than was given them and 
once solids were introduced (at about 15 lbs weight) their rate of growth 
was very rapid indeed. 


GROWTH STUDIES IN AFRICA 


Trowell (46) stated that he had never seen anything but good 
results in African babies from their excessive feeding. Although the 
African baby started at a disadvantage, liberal breast-feeding often 
allowed him to catch up with the European child. However, after the 
age of 5 or 6 months the weight of many African babies fell far below 
that of the Europeans and became almost stationary. This was due to 
the fact that the breast milk was no longer sufficient for the baby's 
needs, and supplementation with cow’s milk and solids was inadequate 
for the African baby, though adequate for the European baby. 

In another study Trowell (54) stated that during the first few 
months of life the rate of growth was almost the same among breast-fed 
infants of all races, and that no difference should be accepted on the 
basis of race or climate until the common causes of unsatisfactory growth 
had been excluded. Не gave three reasons for an infant’s failure to 
thrive: 


(1) Infection. 


(2) Undernutrition, i.e., the infant received a dict which was 
correct in its proportions but reduced in amount so that it did not satisfy 
requirements. In Uganda this occurred in the first few months of life 
when breast milk had failed and diluted cow’s milk had been substituted. 


(8) The baby is fed a diet which, though adequate to satisfy hunger. 
contained too low a proportion of proteins. (Trowell considered that 
protein should constitute 14% of the calories). 


This last cause was the explanation of most cases of failure to thrive, 
and was the cause of all the cases of severe kwashiorkor. 


Welbourn (754) compared the growth figures of Baganda children 
with those of Stuart and Stevenson (750). The birth weights of the 
Baganda babies fell close to the 10th percentile of the American figures. 
From one to three months, however, the mean weights were close to the 
50th percentile of the standard figures. At about the fifth month there 
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was a definite falling off in weight increase and from the ninth month 
onwards the mean weights were below the 10th percentile of the standard 
American figures. Welbourn says that * African babies start life as great 
eaters. For four or 5 months they stuff themselves with mothers! milk. 
But this does not prevent the inevitable hunger which follows when 
mothers! milk is no longer sufficient for their needs." She attributes their 
rapid early growth to their plentiful consumption of breast milk but dur- 
ing the second 6 months of life there is a marked decline in weight gain. 
During this time the American babies (whose weights she used for com- 
parison) were having mixed feeding with a large variety of good foods, 
but the African children were having poor diets from the time their 
mothers’ milk was insufficient for their needs. 

Brock and Autret (52) had the general impression that throughout 
Central Africa there is general retardation of growth similar to that 
recorded at Kampala by Welbourn. 

Canivet (47) compared the rate of growth of African babies in 
Freneh Sudan with White French babies in France. The average birth 
weight of Sudanese infants was 400 gm less than that of French White 
infants, but at first the rate of growth of the Sudanese infants is more 
rapid, and their birth weight is doubled at 34 months, whereas the French 
babies doubled their birth weight at 5 months. After four months the 
rate of growth of the black infants became less rapid and they did not 
treble their birth weight until the 14th month. This pattern was dis- 
played by both male and female babies, first and later born. He explained 
the difference as partly physiological and partly due to the mode of life 
and feeding. Instead of well-regulated methods of breast-feeding, with 
introduction of fruit juices and mixed feeding with broth and vegetables 
between three and 6 months as was the French custom, the black infant 
was suckled by an under-nourished mother in completely irregular 
fashion, and the only complementary food given was adult food, which 
the mother had previously masticated. 

Meyers (751) studied the graph of the gain in weight of African 
children in Ituri, and ascertained that a decline in increase of weight 
was evident after 6 months. 

MacKay and Martin (259) investigated the dentition and physique 
of Bantu children of the Digo tribe at Msambweni in Kenya. They give 
the following weights for children under one year of age: 
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BOYS GIRLS 
AGE Mean S.D. Mean S.D. 
(1bs) (1bs) (lbs) (lbs) 
Under 3 months 10.8 3.42 9.8 2.11 
3 months 14.6 1.59 19 2.06 
6 months 16.0 1.67 % 14.2 2.33 
8 months 16.2 1.45 15.3 1.83 


12 montlis 19.3 2:08 18.1 9:29 


It can be seen that the weights at three months compare favorably 
with European and American figures, at 6 months growth has slowed 
down but is still quite good, but in the second 6 months growth is slow 
and well below white standards. 

Woodrow and Robertson (750) analysed the heights and weights of 
colored children in Cape Town attending the municipal welfare centres 
The sexes were not separated. Mean birth weight was 7105 5 07 and 
weight at one year, 191lbs. Their graph shows the familiar pattern of 
retardation of growth in the second half of the year. 

Matthews (755) on a group of 374 Yoruba infants found the rate 
of growth to be comparable to that of British infants, during the first 
6 months. From about the sixth month onwards, however, the weight 


increase fell below British standards, especially during the second year 
of life. 


STUDIES OF GROWTH IN INFANCY AMONG NON-WHITE CHILDREN 
OTHER THAN AFRICAN 


Other investigations have also shown the rapid growth in early 
infancy and the marked retardation of growth in the second 6 months of 
the year. 

Gounelle and Demarchi (753) found that up to two months the 
Bagdad baby had the same mean weight as the European. This initial 
advantage was lost at the third month and up to the seventh month there 
was a small but marked difference of about 400 gram (.88 lbs) between 
the European and the Bagdad infant at the same age. From then on the 
position became worse until at 12 months the difference was 1.41 kg 
(3.1 Ibs). They found the same results too when comparing the curves 
for French and Iraqi babies. 

During 1948-1949 the Medical Research Council of New Zealand 
sent a team to Western Samoa to make a survey of certain health 
problems (Marples *50). The main object of the investigation was to 
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determine the incidence of skin diseases, but in a large number of 
children heights and weights were also recorded. Тһе mean weights of 
Samoan infants up to 6 months were above, but those in the second 6 
months of life were considerably below the New Zealand figures. Average 
weights at 12 months were in the lowest 2095 of the New Zealand 
figures. 

Su and Liang (740) studied the normal development of Chinese 
infants in Hunan, by measuring infants from two well baby clinies, and 
compared the data with that collected by the Iowa Child Welfare Re- 
search Station. They found that the Chinese infants in Hunan, Peiping 
and Tsinan were not smaller in early infancy than American babies, 
but their growth slowed down gradually a few months later. They 
considered that the slow growth in the latter part of the first year could 
probably be explained on a nutritional basis. Тһе babies depended too 
much on breast feeding and were not given supplementary feedings in 
most cases. 

Millis (53) investigated the gain in weight and length in the first 
year of life of Chinese infants born in Singapore, in order to establish 
their growth eurves for the first year of life. She found that the curves 
for Chinese infants in Singapore were similar to those for Chinese 
infants in China. The weight increased at a similar rate to that of white 
infants for about 20 weeks, but the Chinese infant made slower progress 
in the second 6 months of the year. At one year the average Chinese male 
infant was 47 to 54 ounces lighter than the white infant, and the female 
was 54 to 60 ounees lighter. Тһе standards for white children were 
taken from Vickers and Stuart (743). 

In a further study Millis (754) investigated the growth curves in 
the first year of life of Southern Indian infants born in Singapore. The 
Indian infant was lighter at birth than the Chinese infant and tended to 
gain weight more slowly and like the Chinese infant showed the retard- 
ation in growth in the second 6 months of the year. The Indian infants 
were on an average over 4lbs lighter than white infants at the age 
of one year. 

Rao and Bhattacharjee (752) analysed the growth curves of Indian 
infants in the first month of life. "Their families belonged to the middle 
class economie group, and they were normal full-term infants born to 
healthy mothers. They stated that the range of birth weights reported 
by various authors seemed to be a very wide one—the lowest they quote 
as 513 502 and the highest their own figure of 6lbs 8.50z which is 
very similar to the author's figures for South African Indian birth 
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weights, 6.46 lbs. (Salber & Bradshaw 751). The new-born baby lost 
8.6 to 10 oz in weight, (9% of birth weight) up to the third or fourth 
day, and thereafter steadily increased in weight, putting on 1.1 to 1.3 
ounces per day until at the end of four weeks the weight reached was а 
little over 8 №з. At four weeks the weight level of the South African 
Indian boys is 7.94 lbs and of the South African Indian girls 7.35 Ше. 
This study confirms the occurrence of the early rapid gain in weight 
previously mentioned. 


NEGRO INFANT GROWTH STUDIES 


Dodge (27) analysed data of American Negro infants attending 
the University District Prophylactic Dispensary in Cleveland from 1914 
1920. Converting his figures from grams to pounds gives the following 
results for weights at 3, 6, 9 and 12 months: 


Boys 11.82 lbs 14.46 lbs 17.13 lbs 18.90 Ibs 
Girls 10.78 lbs 13.93 Ibs 16.26 lbs 18.87 lbs 


He states that the growth in weight of Cleveland Negro infants is 
definitely slower than the growth of white infants. Tt seems though, 
that the pattern of growth is not quite the same as that found in African 
children. Although the weights at three months are closer to the white 


weights than are the weights later in the year, even at three months 
they are well below European weights. 


Bakwin and Patrick (44) pointed out that though aceording 10 
reports in the literature, the Negro infant was smaller at birth than the 
white infant and his growth during the first year was slower, it was not 
clear from the data whether these differences were due to innate or 19 


environmental influences, since observations on Negro children had been 
limited to dispensary material. 


. Accordingly, they made а study on a group of Negro infants see? 
in private practice who were supervised from early life and given à good 
diet. They compared these babies with a group of white infants supet- 
vised from early life at the Fifth Avenue Hospital. There was no 
significant difference in the weight gain of white and Negro infants 
during the first year of life, and they concluded that “slower growth 
observed in earlier studies was due to differences in те ы vue 
rather than to differences in the nature of the germ plasm. Given the 


opportunity of proper medical supervision, Negro infants from moderate 
income families grow as well as white infants." 
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Scott ей al. (750) analysed the growth records of 654 Negro infants 
observed in private pediatric practice. These infants were from lower 
middle class families. Some of their conclusions are as follows: 

“The mean birth weight for the male and female infants was 7.66 
pounds and 7.20 pounds respectively. . . . . 

* At 12 months of age the weights attained were 22.59 pounds for 
male infants and 21.33 pounds for female infants. . . . 

* We compared our results with data on Negro infants from various 
economie levels (general population, indigent, low middle class) reported 
in the literature. The infants in our study and those reported by Bakwin 
and Patrick surpassed those of other series in growth throughout the 
first year of life. A significant difference in growth was observed when 
indigent infants were compared with infants from middle class levels. 

“We also compared our data with similar reports on the growth of 
white infants. There was no significant difference between the growth 
curves of Negro and white infants from comparable economic levels.” 

Meredith (752) reviewed the literature on the size at birth and 
growth during the first postnatal year of North Ameriean Negro infants, 
and compared them with North American white babies. (See table 8). 
Meredith gives his figures in kilograms but the author has converted them 
to pounds in order to make comparison with her own figures easier. 

For each Negro-white comparison within the period 1930-1950 there 
was approximate comparability in economie status and health care. Тһе 
Negro group overall was of slightly lower economie level than the whites 
but all groups had reasonably adequate diets and sustained medical 
supervision. 

In summary Meredith's findings as far as weight is concerned are: 

1. Mean weight of viable Negro infants at birth is 3.23 kg (7.111bs), 
and mean weight of Negro infants weighing more than 2.2 kg at birth is 
3.98kg (7.21bs). Тһе mean weights of white infants were higher by 
0.12 kg (.26 lbs) and 0.13 kg (.29 lbs) respectively. The average North 
American Negro baby is over 11, nearly 4% lighter at birth than the 
average North American white baby. 

2. The mean weight of Negro infants receiving adequate dietary and 
medical care from birth is 7.44 kg (16.37 lbs) at 6 months and 9.87 kg 
(21.711bs) at one year. Comparable means for white babies are higher 
by 0.20 kg (.441bs) and 0.13 kg (.29 Ibs). At end of the first postnatal 
year the average well cared for North American Negro infant is not 
lighter than the average well cared for North American white infant by 
more than 2%. 
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From these studies of American Negroes it would appear that their 
growth pattern in infancy is different from that of South African 
Bantu and of Africans in Africa. When they are economically depressed 
their growth curve is generally lower than that of white infants and when 


TABLE 8 


Weight mean (lbs) at selected postnatal ages for North American Negro 
and White infants * 
(Adapted from Meredith, '53) 


3 MONTHS 6 MONTHS 9 MONTHS 1 YEAR 
INVESTIGATION No. Mean No. Mean No. Mean No. Mean 
1. Baldwin 90 14.45 73 16.50 63 18.48 
118 14.63 87 17.47 53 19.89 
2. Woodbury 301 15.47 245 17.18 182 18.92 
7046 16.41 7152 18.59 6476 20.24 
3. Dodge; Rude 208 14.56 145 16.70 119 
85 15.27 78 17.71 101 
4. Michelson 1714 11.79 981 15.91 589 18.77 338 
180 12.91 219 17.07 167 20.33 100 
5. Bakwin and Patrick 102 97 16.79 99 20.11 95 
Bakwin and Bakwin 218 104 16.79 115 20.02 90 
6. Pasamanick ; 53 53 17.93 53 20.86 53 
Norval, et al. 2518 12.50 1943 16.76 1508 19.73 1076 
T. Kelly and Reynolds 108 12.10 100 16.46 84 19.49 46 
289 12.14 209 16.59 220 19.51 124 
8. Scott, et al. 613 600 16.90 580 20.11 553 
Vickers and Stuart 254 252 17.20 241 19.93 244 
9. 1930-1950 Composite 2590 1831 16.37 1405 19.54 1085 
4538 3937 106.81 3245 19.82 2640 


MALES ONLY 
99 21.96 
134 22.13 


10. Rhoads et al. 


* In each comparison the upper figures are for 
ligures for American white infants. 


American Negro infants and the lower 
they are better off economicall 
adequate diet their growth is 
cireumstances. 


Although the writer does not have figures of incidence of breast 
feeding among Negro mothers in the United States, her impression is 
that the incidence is far lower than amongst the non-European popu- 
lation in South Africa and in Africa as a whole. This impression is 


у and have good medical supervision and 
the same as that of whites of comparable 
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borne out by the study done by Bakwin and Patrick, previously cited. 
Of the 114 infants seen in private pediatric practice that they studied, 
only 4096 were breast fed for the first three to four months of life, the 
remainder being bottle fed. Bantu babies are breast fed whenever they 
ery and get adequate milk in early infancy, but they suffer when mothers? 
milk alone is insufficient for their needs, particularly after the second 
6 months of life. 

To increase the mean weights of European babies one should concen- 
trate on more liberal breast feeding (or even bottle feeding) in early 
life, but to increase mean weights of non-European babies, on the whole, 
the emphasis must be placed on earlier introduction of suitable solids in 
adequate amount, and the maintenance of satisfactory mixed feeding. 

We have demonstrated at health centres in Durban, that this can 
be done. At the Springfield Health Centre in 1948 Indian weights at 
one year had risen to 17 Ін 90z (17105 бол in 1947) and Colored 
weights to 19 Ibs 2 oz (18 lbs 1102 in 1947). Data are not available for 
Bantu weights at Springfield for 1948. (These figures appear in the 
Training Scheme for Health Personnel Annual Report, 1948). When the 
Lamont Health Centre commenced its work in the Lamontville Native 
Location in 1948, there was a Municipal Child Welfare Clinic function- 
ing in the area, which later closed down when the Heath Centre ran its 
own mother and baby sessions for the same clientele. I analysed the 
weight growth of the infants attending the Lamont Municipal Child 
Welfare Clinics in 1947 and 1948 in order to have a base line for 
comparison later on. Тһе mean weights of the infants attending the 
Health Centre mother and baby sessions in 1950-1951 was compared with 
those of the municipal clinie, and we found that up to about the 30th 
week growth was about the same in the two peroids. After 30 weeks, 
however, the 1947-48 curve flattened out considerably and the average 
infant gained only 1% pounds before the end of the 52nd week. The 
growth curve of the 1950-1951 group of infants flattened out less than 
the previous curve and they gained 23 pounds in the same period, with 
a mean weight of 21.51bs at 52 weeks. (See Annual Report Lamont 


Health Centre 1950-51). 
SUMMARY 


1. Comparison of growth curves show that at the beginning of the 
year European babies are heaviest, Indian babies lightest, and that 
Colored and Bantu oceupy an intermediate position with Colored babies 
slightly heavier than Bantu babies. 


36 EVA J. SALBER 


2. Colored babies weights are about the same as Europeans for about 
three months, and then fall progressively below them. 

4. Indian babies grow as well as Europeans for about two months 
though their actual weights are always well below those of Europeans 
because of their difference in birth weight. After that they deviate 
increasingly from European till the end of the year. 


5. Bantu babies overtake Europeans by about one month and their 
weights are above those of Europeans until 30 weeks of age, from which 
time they are below. All these remarks apply to both boys and girls. 

6. Comparison of rate of gain shows that from two to 12 weeks Bantu 
boys gain more weight than all the other groups and from two to 8 
weeks European boys gain the least of the four groups. European boys, 
however, gain more than the rest from 12 weeks onwards. From 16 weeks 
Colored boys gain more than Bantu and Indian. 


7. Rate of gain of Bantu girls is greater than all the rest from 2-16 
weeks, but European girls from two weeks onwards gain more weight 
than Colored and Indian girls. From 16 weeks Colored girls gain more 
than Bantu and Indian girls. : 

8. European babies gain far more weight than the other three groups 
in the second half of the first postnatal year. 

9. Тһе eurve for South African European babies is similar to that 
of comparable babies in Europe and America. It is suggested that 
European infants are, on the whole, underfed in early life, due to tho 
method of feeding on regular schedules and a fear of over feeding. 

10. Non-European babies in South Africa, on the other hand, 
particularly the Bantu, grow well in early life, due to the high incidence 
of breast feeding which is given “оп demand." When these babies need 
foods other than breast milk, growth becomes retarded because for 
reasons of poverty and ignorance the mothers do not supply a good 
sufficient mixed diet. 

11. Rapid early growth with marked slowing down in the second 6 
months of life has been noted by investigators in Africa 


and 


and elsewhere. 

12. In Ameriea, on the other hand, where the Negro is very much 
a "poor white," growth of Negro babies is similar to that of white 
American babies, though on a lower level. When the economie groups are 
comparable and the infants have good medical supervision there is no 


difference in the pattern of growth between Negro and white American 
infants in the first year of life, 
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THE CONSTANCY ОЕ PHYSICAL TYPES AS DETER- 
MINED BY FACTORIAL ANALYSIS 


BY W. H. HAMMOND 
Ministry of Health, London 


N a previous paper (Hammond, °53) the author has assessed the 
constancy of factorial body types among children of school ages. 
Тһе present paper extends the data to cover the period from birth to 
5 years. This is the period over which the maximum growth occurs 
and, therefore, it is the one in which there is most likelihood of the 
pattern of measurements changing. 
The first requirement of type constancy is that the type basis should 
agree from one study to another. The second requirement is that within 
the type basis the children should remain of the same type over a period. 


EFFECT OF CHOICE OF MEASUREMENTS ON THE NATURE OF THE 
RESULTING TYPES 


Although factor analysis is completely objective in the sense that the 
assumptions of the factorial methods can be set out and the techniques 
followed by anybody with the same results, yet the resulting types depend 


to a great extent on the nature of the measurements initially included. 
This, as emphasised by Howells (51) is perhaps a fundamental dis- 
advantage of the factorial method o 


f determining types, but it is inevi- 
table in any form of type determination. Apart from the obvious effect 
of an omission of any particular group of measurements, if one physical 
dimension is only weakly represented by the measurements, the resulting 
type analysis will tend to include measurements of other groups with this 
weak one in order to balance a particularly strong contrasting group. 
For this reason it is often found that a factor may consist of a number 
of oddly assorted items which are merely those which fail to fall into any 
of the other groups. 

Batteries of measurements included in different authors’ 


investi- 
gations seldom correspond completely and, therefore, any com 


parison 
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between the results must take account of this. The only rigorous way in 
which factors may be compared is to limit the analysis to those measure- 
ments common to the two studies; this is laborious as it involves a 
re-analysis from the correlation stage and it limits the amount of the 
data that can be included. In partieular, if one is interested in the 
relative contributions of the general factor for physical measurements 
(representing isometrie growth) and the type factors (representing 
allometrie growth) in children of different ages it is necessary to include 
identical batteries of measurements, preferably taken upon a group with 
comparable age scatter. In the present studies where rigorous com- 
parison is required, the data from different investigations have been 
re-analysed to produce exactly comparable sub-batteries of measurements. 
In other cases, however, the complete results have been used. In these 
latter the correspondence between results depends upon the fact that 
when some members of a battery of measurements are changed the 
factor saturations of the remaining variables alter very little. Examples 
are given of the change of saturation coefficients when the battery of 
measurements is augmented or reduced, but in some instances where the 
comparison is only intended to be general this relative constancy of the 
saturations has been assumed. 

А simple measure of the over-all agreement between different results 
is the correlation between the factor saturations, and this measure has 
therefore been included. 

A second major problem is what kind of factorial analysis to use. In 
the present ease the simplest and most direct form of analysis, that of 
extracting a positive general factor and subsequent bipolar or contrasting 
general factors without any rotation, is used as the first basis for group- 
ing the traits. Group factors are only invoked if this method proves 
inadequate to express the relations satisfactorily, for example when there 
is evidence of an odd number of groups or when the relations appear to 
apply to a small segment of the table of correlations only. 


THE DATA 


The present data consist of the author's measurements of a group of 
infants from the northern industrial town of Leeds (Hammond, ’55b), 
measurements of school children (Hammond, 753b), Low’s (752) data 
for Aberdeen infants and Carter and Kraus’ (736) analysis of infauts’ 
measurements. 
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NATURE AND CONSISTENCY OF THE TYPE FACTORS 


The first comparison is between the saturations derived from measure- 
ments reported on a small group of children living in Leeds who were 
measured annually from age one to 5 years. (Hammond, ?55b). These 
results are also compared with those obtained from analysing the same 
battery of measurements taken on 200 boys and 200 girls aged 7, 9, 10 
and 11 years, of similar social background from the same town and 
Sheffield (Hammond, 753b). The saturation coefficients for the general 
and bipolar factors derived from the different yearly measurement sets 
are shown in tables 1A and В. Table 2 gives the contribution of the 
general and type factors (percentage of total variance) for each vear 
and the rank order correlations between the saturations for years 1—5 
separately and 7—11 combined. 

In practically all cases the type factor differentiates between the 
growth of long bones on the one hand, and breadth of trunk and limbs, 
on the other, and the corresponding types may be termed leptosomes 
(long narrow type) and eurysomes (broad short type). From the con- 
tributary variance figures it is evident that the type distinction is a 
rather minor one but apart from the saturations for the type factor for 
year 2 (boys) and year 5 (girls) the agreement between one year and 
another and between the infants and 7—11 year old children is quite close 
(see table 2). There was no consistent tendency for the general or type 


factors to inerease their contribution to the total variance as the children 
increased in age.! 


COMPARISON BETWEEN CONSISTENCY OF TYPE BASIS IN 
4 SCHOOL CHILDREN AND INFANTS 


The constancy of the type saturations reported in the analysis of a 
somewhat different battery of measurements taken at ages 
(Hammond, 8а) was as follows: 


Average rank order correlation — 0.83 (boys), 0.87 (girls), for the 


5-18 vears 


* The correlations, 


and, therefore, the contributory variance of the general 
faetor will increase as 


: the age or size range of the subjects increases but unless 
there is а pronounced variation in shape with age this w 
the type variance appreciably. 
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general factor ; 0.94 and 0.97 for the first type factor; and 0.74 and 0.77 
for the second tvpe factor. Again, there was no clear tendeney for the 
type differentiation either to increase or decrease with age. 

We now have a situation where two different batteries of measure- 
ments, those of the pre-school children and school children, respectively, 
give fairly consistent groupings of the measurements but because of the 
choice of measurements, the resulting types necessarily differ. Children 
in the pre-school group were divisible into length-breadth (leptosome- 


TABLE 2 


Contributary variances and rank order correlations between saturation coefficients 
obtained for years 1-5 and 7-11 compared with the average rank 


GENERAL FACTOR TYPE FACTOR 
Contributary Contributary 
variance p variance p 

boys girls boys girls boys girls boys girls 
Year 1 35.2% 354% 75 .78 6.9% 5.2% 81 65 
Year 2 39.9% 49.7% 95 75 8.1% 7.7% 61 94 
Year 3 40.8% 49.7% .90 95 7.0% 8.1% 81 42 
Year 4 47.2% 43.5% .96 .82 7.9% 8.4% 48 .98 
Year 5 41.6% 47.0% ‚82 ‚88 12.4% 17.9% 70 47 
Years 7-11 57.6% 53.6% 91 ‚89 1.1% 9.5% ‚81 .91 


eurysome types) and in the school children's groups the major differ- 
entiation was between length and girth (leptosome-pyknic types) with 
the breadth (being weakly represented) thrown into the length group. 
- However, for the school children's groups, lengths, breadths and girths 
were all shown to be distinct when the breadth and length or breath and 
girth measurements were analysed separately. 

For example, when 21 breadths and girths were «бв by a bi-polar 
analysis they formed two distinct groups, the only exception being knee 
breadth which formed part of the girth group (but as its saturation for 
the type factor was less. than 0.1 it was not significant). Similarly, 
when lengths and breaths alone were analysed the type factor differ- 
entiated between these groups without exception. А bi- polar analysis 
applied to a battery containing length, breadth and girth measurements 
must necessarily result in a mixed grouping for the type factor. We 
would, therefore, expect three type components, length, breadths and 
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girths to show up if a group factor analysis were applied to the appro- 
priate measurements. 

At ages 3, 4 and 5 years measurements of chest girth, weight and 
sub-cutaneous fat were added to the battery and a group factor analysis 
was applied.” 


TABLE 3 


General and group factor analysis of 13 measurements (boys) 
Factor saturations 


AGE 3 AGE 4 AGE 5 
General Group General Group General Group 
factor factors factor factors factor factors 
123 123 123 
Height .60 60 .82 48 79 .38 
Sitting height 64 .38 .82 42 54 46 
Leg length 53 55 15 43 85 41 
Chest breadth 29: 481 42 „22 55  .28 
Acromial breadth 88 .58 63 26 43 48 
Chest depth 16 37 37 40 29 43 
Spinous breadth 29 06 52 41 41 12 
Knee breadth .84 01 A 16 84 04 
Ankle breadth .69 14 85 48 65 .39 
Arm girth 53 19 41 58 10 50 
Chest girth Л6 16 74 .00 .00 37 
Subcutaneous fat —.06 55 34 48 —.09 50 
Weight 90 10 90 17 91 60 


As shown in table 3 the three type factors represent respectively (1) 
long bone measurements (with shoulder breadth), (2) trunk and limb 
breadths (with chest depth) and (3) measurements affected by the soft 


з Тһе method of analysis used was to sort the variables initially according to 
the first three faetors of the bi-polar analysis, then caleulate new basic factor 
saturations by the ordinary summation method of Burt’s (740, p. 459) general 
factor procedure, but using approximations for the wh а 
those correlations which are augmented b 
diagonal element alone. 


ole trace consisting of 
à y the group factors instead of for the 
The sums of the elements of the trace were calculated 
as the products of the provisional basic saturation coefficient for each variable 
times the sum of the saturations of the other variables contributing to the group. 
Тһе result is to produce а battery in whieh the general factor is not influenced 


by the group factors and from which they rise as positive clusters above the basic 
general factor level. 
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tissues, namely, arm and chest girths, weight and sub-cutaneous fat.? 
Clearly a larger battery of measurements is required to define these 
factors more adequately. At age 5, 22 measurements and at 7-11 years, 


TABLE 4 


Comparison of group factor saturations 


BOYS GIRLS 


rgroup 7-11 year group*  5yeargroup 7-11 year group * 


Group factor Group factor Group factor Group factor 
FACTOR 1 2 % 1 2A 2B 3 Yom 4 1 2A 2B 3 
Height 730 .653 


Sitting height 
Leg length 
Arm length 
Foot length 
Hand length 


Interaerom. br, .349 .236 1091 
Foot breadth 125 3.306 .051 501 

Hand breadth 450 406 488 

Ankle breadth .548 .308 .219 .500 

Knee breadth .026 985 1319 487 

Wrist breadth 469 487 173 513 

Elbow breadth ( ) .361 .458 

Chest depth .029 030 426 

Chest breadth 203 139 506 190 
Interiliae br. ( ) 330 869 
Inter-spin.br. .114 368 433 
Inter-troch. br. .234 .236 263 216 
Wrist girth 419 511 

Ankle girth 276 579 

Arm girth .557 .020 .071.265 495 .682 
Knee girth 415 193 .508 .250 .475 547 
Calf girth ( ) 487 ( ) 519 .506 
Chest girth 366 418 -284 444 
Waist girth 662 .502 485 .543 
Hip girth 564 522 490 543 
Fat 710 713 .520 764 
Weight 384 426 424 453 


* Note: means, variances and co-variances were calculated within years. 


29 measurements were taken consisting of measurements of long bones, 
girths and breadths of limbs and trunk together with weight and sub- 
cutaneous fat. The results of applying a similar group factor analysis 
to the correlations are shown in table 4. 


з The effect оп the general factor saturations of adding variables is only slight, 
the rank order correlations (p) between the original saturations and new general 
factor saturations were .89, .99, .98 (boys) at ages 3, 4 and 5 years, respectively, 
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The group factors which result from the two batteries of measure- 
ments for boys and girls agree fairly well; there is no major diserepaney 
in the grouping of the variables which are common to both studies. 
Again three group factors result, corresponding to a factor for length 
measurements, another for bone breadths, and a third for girths with 
weight and fat. Tn the school children's group the breadth measurements 
could be subdivided into limb breadths together with ankle and wrist 
girths—which were minimum measurements largely concerned with bone 


These results show fairly clearly that when a sufficiently wide selection 
of body measurements is taken they can be differentiated into long bone 
measurements (including shoulder breadth) as the major group, girth 


ith 4 and 5 years, and 4 
Same battery of measure- 
г being very little different 
all round Browth, rather than 
т of measurements, 
е long bone factor. 
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Aberdeen study even though Carter and Kraus’ study included many 
head measurements. The results are set out in table 5. 

Тіе major body measurement сап be differentiated into length and 
breadth or girth measurements with very minor exceptions. 


TABLE 5 
Factor saturations; comparison with other results 
3 P: © —* 
E BOYS GIRLS 
Й Carter Carter 


& Kraus Low Hammond & Kraus Low Hammond 


TTotal length .54 .32 46 52 .36 .30 
Sitting height 58 .23 .30 51 лі .20 
Leg length 34 27 32 34 5l 28 
Foot length -- 130 -- — 19 — 
Cubit length — .36 — — 98 -- 
Palm length 14 = — 15 — — 
Middle finger length — —.26 = 28 

Head length 15 ani — 
Shoulder breadth —.06 —31 —.24 00 —.35 —.29 
Hip breadth 30 .23 18 42 —.l4 —.24 
Chest breadth — — —418 — — —297 
Chest depth = = 07 == = 01 
Chest girth —.09 —23 — —.06 --18 - 
Upper arm girth = = = ==, — 4-5 
Palm breadth —.ll — = —02 — — 
Head breadth EL = — x88 = 
Knee breadth = к= ly = = 06 
Ankle breadth = mios: M^ = 18 
Weight 40 —.20 ES -36 —.28 — 


То summarise the findings: the factors distinguish between length 
measurements, which are probably affected by the state of closure of the 
epiphyses, and the girth measurements which are affected by the amount 
of overlying fat and muscle tissue.’ Besides this major distinction there 


5 Analyses of measurements of subcutaneous fat taken at different sites of the 
body always show such high correlations with each other and low correlations 
with other body measurements as to indicate a very strong group factor (Brožek 
and Keyes, 51; Hammond, ’55a). The presence of a similar factor for muscle 
development alone has not been shown in the tables reported here since the 
techniques used were not capable of differentiating adequately between muscle and 
fat. (Measurements of breadths across the chief muscles with blunt-pointed 
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are two sub-groups corresponding to limb breadth development mi шш 
breadth development and these are related to some extent. W hich of these 
groupings appears first, that is, whether all trunk or all limb ier sage 
ments go together or whether the breadths go together irrespective о 
whether they are on trunk or limbs depends largely upon the combination 
of measurements included in the whole battery. However, in all the 
batteries of measurements studied the groupings have been limited to the 
above combinations. "lhese results are all obtained with unselected 
populations—if persons were to be selected according to their physical 
characteristics, almost any combinations of measurements could be 
produced. 
THE INDIVIDUAL'S TYPE CONSISTENCY 


So far we have only considered the consistency of the type basis. 
We can say that similar types appear consistently in all ages of children 
studied; there are leptosomes at birth, during the pre-school years and 
throughout the school years, but it does not follow from this that the 
individuals who are leptosome at birth or in infancy will necessarily be 
so at the later ages. To check this we must assess the constancy of the 
individual type measurements, This can be done in terms of weighted 
type factor measurements based on regression equations, simple sums of 
diagnostic measurements or ratios of measurements indicative of body 
type. In the study of school children, regression equations were used to 
calculate the individual’s type measurement and the resulting factor 
measurements gave continuous distributions. On being repeated after 
an interval of three years the factor measurements gave correlations 
ranging from 0.65 to 0.92 for the different sex, age and social groups. 
Тһе percentages changing type (on a twofold classification) averaged 
11% up to 13 years and 18% from 14 onwards in boys, compared with 
8% up to 9 years, 12% over 14 and 22% during the ages 10-18 for 
girls. In these cases the growth between the intervals of measurement 
was slight compared with the degree of existing type differentiation. 
In the case of infants, growth from birth to 5 years is relatively much 
greater so that we should expect more type changes to occur, 


At one year of age the babies were typed using an unweighted sum 


calipers using sufficient 


pressure to eliminate the fat contribution, or measure- 
ments of X-rays at diffe 


rent parts of the body would be nee 
pment as a sub-group of the girth co 
o be made by adjusting for the fat 


ded to show a group 
mponent.) А rating 


covering contributing 
to girth measurements, 
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of length and diagnostic breadth measurements which had equal standard 
deviations (in order to remove any bias if one type grew more than the 
other) and from the continuous distribution of factor measurements 
the middle 50% were selected (equivalent to taking the mean + 1 p.e.) 


TABLE 6 


Mean measurements for three physical types selected at age one year with sample 
re-measured at age 5 years 


Leptosomes Mesosomes Eurysomes 
BOYS lyr Буг lyr буг lyr буг 
Number 70 4 84 14 60 15 
Weight (lbs) 21.5 23.3 39.7 22.9 39.9 
Height (em) 75.2 72.9 108.5 71.5 1074 
Sitting height 46.7 45.3 61.6 43.9 60.6 
Leg length 30.6 29.3 49.4 28.3 51.9 
Bi-iliae breadth 11.4 11.6 15.5 11.6 15.5 
Bi-acromial breadth 17.0 17.2 24.0 17.6 23.6 
Chest breadth 13.7 13.7 17.4 13.9 17.4 
Chest, depth 12.6 12.2 13.5 12.3 13.8 
Arm girth 15.8 15.7 16.7 16.0 16.6 
, Knee breadth 5.58 5.45 7.00 5.50 7.54 
Ankle breadth 3.58 3.58 5.15 3.46 5.12 
GIRLS 
Type ‘score? 571 52.1 53.0 46.8 48.9 48.3 
Number 58 5 116 15 63 19 
Weight (1b) 21.6 42.5 21.8 40.7 21.8 40.4 
Height (cm) 73.9 1114 72.0 1091 70.2 107.7 
Sitting height 459 62.5 44.6 00.9 43.5 60.6 
Leg length 30.5 50.9 99.3 50.4 982 499 
Ві-Шіас breadth 11.4 15.3 11.3 15.7 11.5 15.2 
Bi-aeromial breadth 10.5 24.1 17.0 24.0 17.2 23.5 
Chest breadth 134 17.5 13.5 109 137 171 
Chest depth 12.2 13.6 12.0 13.4 12.1 13.5 
Arm girth 15.4 17.0 15.5 168 157 172 
Knee breadth 5.39 7.60 5.34 7.34 5.36 7.44 
Ankle breadth 343 5.97 3.33 5415 3.34 515 
Type ‘score’ 57.0 512 52.6 48.5 48.7 41.0 
sls 


as the mesosomes and the outer 25% forming the length group as 
leptosomes and the broadest 25% as the eurysomes. The mean measure- 
ments of these three types at ages one year and 5 years are shown in 
table 6. The measurements show the average type characteristic and 
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at age 5 the original groups ase still distinct, although the eurysomes and 
mesosomes now show little difference in their mean type ‘scores’ as 
shown by the figures at the foot of the columns in table 6. If, now, indi- 
viduals are re-allocated to types on the basis of the fifth year measure- 
ments and their correlations, three type groups can again be recognised. 
These show much the same differentiation as the first year types but are 
composed of slightly different groupings of individuals. As we might 
expect, the type pattern for these groups is more distinct than for the 
children typed 4 years before, showing that the intervening growth has 


tended to mask the type distinction. The new type measurements are 
shown in table 7. 
TABLE 7 


Mean measurements for three body types re-selected at age 5 years 


Leptosomes Mesosomes Eurysomes 
Boys Girls Boys | Girls Boys Girls 
7 10 14 17 9 10 

Weight 405 411 404 39.0 38.0 43.2 
Height 110.0 114.9 109.5 108.1 105.3 107.7 
Sitting height 63.5 62.4 61.4 60.3 59.8 60.5 
Leg length 49.9 52.1 49.7 50.1 4T.9 49.7 
Biacromial breadth 23.36 23.78 23.03 23.07 23.83 23.85 
Bitrochanterie breadth 19.21 19.13 19.30 19.28 19.22 19.45 
Chest breadth 16.93 1672 1775 10417. 17.33 1720 
Knee breadth 7.61 7.30 7.58 7.31 7.58 7.72 
Ankle breadth 5.26 5.04 5.15 5.14 5.08 5.30 
Chest depth 13.42 13.22 13.82 13.58 13.50 13.40 
Arm girth 16.30 16.66 16.66 16.54 10.80 18.34 
Chest girth 55.0 53.8 55.6 53.9 54.4 56.1 
Body fat 33.0 34.0 32.6 35.9 34.0 47.6 
_ Type ‘score’ 46.7 52.1 39.7 40.3 33.2 34.2 


_ The actual numbers of type changes from age one year to age 5 
compared with the numbers expected (in brackets) were as follows: 49% 
(50%) one type change; from mesosome to eurysome or leptosome, ог 
the converse, 6% (14%) two changes; from eurysome to leptosome, or 
the converse. АП the extreme changes were from eurysome to leptosome 
at the second typing. Тһе x? value, 13.1, shows that as few changes as 
this would be expected to appear only about one in a 100 times had there 
been no association between the types. That is, there was a significant 
type consistency over the period although it was not high. The corre- 
lations between type scores at one year and 5 years were .51 and .30 for 
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boys and girls, respectively. Similar results for children who were typed 
at age two in comparison with their type at age one showed that 41% 
of the boys and 58% of the girls changed their type from mesosome to 
eurysome or the converse (compared with an expectation of 49%) but 
only 295 changed from eurysome to leptosome or the converse (conipared 
with an expectation of 17%). Thus 57% of the boys and 40% of the 
girls remained classified the same on both occasions compared with an 
expectation of 3496. Тһе correlations between the type values at first 
and second year measuring were 0.71 for boys, and 0.52 for girls. 

In sample groups of 64 school boys aged 8 years and 78 girls aged 7 
years, the correlations between the first and second unweighted type 
measurements after an interval of three years were 0.86 and 0.69 respec- 
tively. If the growth in length and girth were unrelated to the type, the 
expected correlations would be 0.60 and 0.72. Тһе boys, but not the girls, 
have therefore shown greater type consistency than would be expected 
from the contribution which the first measurements make towards the 
later measurements. In th girls’ group a few individuals made extreme 
changes, some through being unusually fat at the first measuring and 
later showing more average proportions, and others through increasing 
in fat and therefore in girths. There were 4 changes of type (on а 
two-fold classification) among the boys (all being borderline cases at 
both measurings), but 8 girls changed their type, two of them markedly. 

In the same way type ratios may be studied from one year to the 
next and table 8 shows the correlations between 


weight height chest girth 
- an - 
height 4 х biacromial breadth height 
(all of which can be used as type indicators) for the Leeds children or . 
Low's Aberdeen children from birth to 5 years. 


TABLE 8 


Correlations between type ratios for successive years from birth to 
five years and 10-13 years 


М Быт 1-2 23 34 45 N 10-13 


Ht./biacrom Boys 66 04 49 497 150 18 
(Low) Girls 60 .08 49 39 176 13 
Chest/Ht. Boys 66 43 5l .56 200 .82 
(Low) Girls 60 15 59 76 200 70 
Wt./Ht. Boys 66 40 57 ЛЮ “46 7581 
(Low) Girls 60 .09 "Зоо (50 * i88 
Wt./Ht. Boys 214 10 150 200 88 


(Hammond) Girls 937 16 50 200 97 
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Correlations between measurement types and type ratios were as 
follows: 


Boys Girls 
Ht./4 x Biacrom.  .55 .80 
Chest/Ht. .86 .89 
Wt./Ht. 38 8 (with length breadth type 
distinction) 
Wt./Ht. 64 9 (with length girth type 


distinction ) 


The correlations between the weighted combination of height and 
biacromial breadth at birth compared with later ages to 5 years (not 
shown) were around zero and similarly for the other ratios, showing 
that the physical characteristics at birth bear only slight relation to the 
later body form. The above figures show that the correlations between 
successive years’ measurements increase with age. 


TYPE CONSISTENCY IN TERMS OF GROWTH PATTERN 


The above type consistency is partly a necessary consequence of the 
fact that growth hetween successive intervals of measuring may be so 
slight (relative to the variation in attained measurements) as to be 
incapable of upsetting the type position once established, whatever the 
nature of the growth. A more fundamental type consistency would be 
that in which the individual having become differentiated into a type at 
birth, say, will then proceed to grow in a way which maintains or accentu- 
ates this configuration. We need, therefore, to see whether growth itself 
shows type characteristics and to study the growth which occurs in 
different physical types. 

In the first place, if there is type or directional growth it should be 
apparent in the same way that measurement types could be recognized 
from the analysis of correlations; in this case, the correlations would 
not be between attained measurements but between growth increments. 
The growth increments calculated from Low’s children from birth to 
5 years and the Leeds children from one to three years have been 


correlated and the results of factorising the correlations are shown in 
table 9.5 


^ After age 5 the differences in birth measurements are so small relative to 


the attained measurements that the correlation between increments from birth 
will be virtually the same as the correlations between the attained measurements 


and, therefore, types of growth will be much the same as the measurement types. 
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The grouping of growth (i.e. type growth) which becomes evident 
after the general growth influence has been partialled out follows а 
distinction into length and non-length growth similar to the classification 
of attained measurements. The general growth influence is again 
stronger than the differentiating growth influence; the general growth 


TABLE 9 


Factor saturations for children’s growth 


GENERAL FACTOR SATURATIONS TYPE SATURATIONS 
Aberdeen Leeds Aberdeen Leeds 
(Low)? (Hammond)? (Low)? (Hammond)? 


Boys Girls Boys & Girls Boys Girls Boys & Girls 


Stature .840 .723 710 .306 .455 407 
Sitting height .825 .802 479 .080 286 375 
Leg length 265 150 
Cubit .510 .722 250 327 
Foot length TT 553 118 076 
Неда length .293 .601 050 134 
Head breadth .320 .485 —.129 —.061 
Inter-acromial br. .108 .369 .402 1250 --.395 —.235 
Inter-trochanteric br. —.330 .585 .009 --.392 —.305 —113 
Chest depth .092 —.236 
Chest breadth .550 --.504 
Ankle breadth 452 021 
Knee breadth 488 107 
Chest girth .400 .619 —395 —.270 
Arm girth .299 —.238 
Weight 130 .899 194 —.149 


1 Birth to 5 years. 
? One to three years. 


factor contributions to the total variance being 29.596 boys, 43.596 
girls (Aberdeen) and 18.176 (Leeds children) compared with the type 


factor variance of 6.4%, 7.9% and 7.9%. 
The variance of the type or directional growth ranges from 1/6 to 2/5 


of the variance of all-round growth, depending upon the interval. There- 
fore, even if the type growth were perfectly correlated with the attained 
measurements at a fixed age we would still find that children would tend 
to grow in all directions irrespective of their type. Only when these 
general growth differences were allowed for, would the relatively greater 
length or breadth growth have its effect. 
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Having shown that type growth does occur but that it is much less 
evident than general all-round growth, we need next to see whether it is 
related to the existing body type; i. e., do leptosomes continue to show 
relatively more length growth, pyknies growth in girth and eurysomes 
growth in breadth ? 

The three type groups in the original Leeds sample of 451 children 
classified at one year of age on the basis of length and breadth develop- 
ment into leptosomes, mesosomes and eurysomes, showed the same weight 
increase (this being a good indicator of all-round growth) from birth 


TABLE 10 


Mean growth from one year to 5 ycars according to physical type 


Leptosomes Mesosomes Eurysomes 
м; Y 5 14 15 15 19 

Boys Girls Boys Girls Boys Girls 
Weight lbs 197 20.9 164 18.9 17.0 18.6 
Height cm 35.1 38.0 35.0 37.1 303 37.1 
Sitting height id 15.2 164 16.3 15.9 16.5 10.9 
Leg length as 20.0 20.7 20.1 20.4 23.2 213 
Interacromial breadth “ 5.94 7.03 6.31 6.71 5.41 5.91 
Interspinous breadth — * 3.83 420 3.07 4.15 3.00 3.56 
Chest breadth 27 3.30 4.32 8.68 3.02 8.54 3.53 
Chest depth EE 0.90 1.68 1.50 1.50 154 1.30 
Knee breadth = 2.23 2.37 2.21 2.04 2.08 2.09 
Ankle breadth £f 1.82 1.99 1.00 1.89 1.52 1.74 
Arm girth “ 0.58 1.00 112 160 . 054 1.42 


to one year (Hammond, 752). This is confirmed by Low's data where 
correlations of weight increase with type measurements are also all about 
zero. 'Тһе mean weight increase and growth in all the other dimensions 
for a sample followed up from one year to 5 years for the leptosome, 
mesosome and eurysome types, are shown in table 10.7 

The growth shown by the three types is similar in pattern but the 
leptosome girls gained more in all measurements. The other types 
actually gained relatively somewhat more in length than the leptosomes 


7 Although the figures at age 
measured at age one, the re 
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who tended to ‘fill out? and broaden. This accounts for the fact that 
the original types show a diluted form of differentiation at age б com- 
pared with groups selected afresh, and that hardly any distinction 
remains between the measurements of the original mesosome and eury- 
some types. 

Тһе total inerease in weight shown by the leptosome and pyknie types 
in the school children's sample referred to previously did not differ. 
Тһе types also gave the following totals of length and girth growth 
(equivalent to type growth) over an interval of three years. 


SUM ОЕ LENGTH GROWTH SUM OF GIRTH GROWTH 
em cm 
Boys Girls Boys Girls 
Leptosome 36.4 + 1.1 36.3 + 1.0 25.1 = 1.3 28.5 == 1.8 
37.4 = 12 36.4 2- 1.0 23.2 + 1.6 22.2 2- 1.4 


Pyknies 

Only the girls’ increase in girths was significantly different for the 

two types: the pyknics increased their girth less on average than did the 

leptosomes. ‘This accounts for the correlations between first and second 

typing being less than expected if growth were random with respect of 
initial type in the case of girls. 

In young children there is little consistency in type but if one examines 
other aspects of development the same unpredictability is found; for 
example, correlations between attained weights or heights at birth and 
at periods up to 5 years are only what would be expected from random 
growth superimposed upon the attained measurements at any moment. 


TABLE 11 


Correlation between attained weight and height with birth weight and length 


3 years 4 years 5 years 


Birth tol year 2 years 
bs Exp* n Obs Exp* n Obs Exp* 


n Obs Exp* n Obs Exp* n O 


WEIGHT 
Boys 914 49 49 44 .33 43 24 44 40 34 .30 31 30 .38 .38 


Girls 237 99 42 45 07 .38 35 .07 27 40 16 22 37 17 22 


HEIGHT 
Boys 55 .00 29 .48 27 3T 20 (87 135 .34 
Girls 26 .54 130 .45 24 140 .30 .36 30 193 


* Expected correlation is based on the assumption that 
birth weight variance 
T= N birth weight variance + variance of growth 


wre 
со 
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Although the correlations are significant they are not higher than 
would be given by assuming the intervening growth to be independent 
of the birth measurements. Moreover in the case of lengths, the variances 
of the separate yearly growth may be added to give the variance of the 
growth from birth to any age (showing that there is negligible correlation 
between the successive annual gains). Another aspect of growth affecting 
type consistency is that the growth in different dimensions shows spurts 
or troughs in the same individual and the correlations found between 
weight gain from birth to two years and from 3-5 ye 
For height gain, which in girls showed the gre 
lation only equalled 0.26 and was zero for boys. Type growth (difference 
between length and breadth increases) only gave correlations of 0.15 for 
girls and 0.08 for boys over the two periods. 

There is fairly considerable evidence (Weir 752, Hammond 753b) 
that the higher social classes are more 
In addition they show greater relative length growth than weight growth 
so that the socially determined types increase their type differentiation 
as they increase in age. This is shown clearly by the means of different: 
children at different ages and also by following up the actual growth. 

The author’s work on groups of children of different nutritional state 
has also shown that the groups with poor nutrit 
proportion of leptosomes but that, in addition, their growth tends to 
accentuate this pattern. On groups of more homogeneous social back- 
ground reported here, on the contrary, there appears to be little relation 
between the type and the ensuing growth. 


к 
ars were around zero. 
atest consistency, the согге- 


leptosome than the lower ones. 


ion contain a bigger 


DISCUSSION 


The most difficult part of the interpretation of physical types emer- 
ging from the present analyses is to account for the 1 
(or its absence) in children of different ages. 
same kinds of types can be dis 
adulthood, and that when growth is analysed it also fall 
patterns. However, whilst growth can accentuate or decrease the type 
distinetion, a child's measurements at the later ages will necessarily 
bear some relation to what they were earlier, even as far back as birth, 


on account of the contribution of the first attained measurements to the 
later ones. 


evel of consistency 
It is fairly clear that the 
tinguished at all ages from infancy to 


$ into similar 


*The intervals were chosen to av 


oid consecutive periods, 
errors would tend to give negative со 


аз any measuring 
rrelations, 
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Тһе period from birth to' 5 years covers the maximum growth and 
indeed includes about half of the total growth that occurs in length and 
2/5 of the total weight gain from birth to adulthood, so that to test for 
type consistency between birth and 5 years is equivalent to testing that 
тот 5 years to maturity (the coefficients of variation being comparable 
at the two ages). This is therefore a rather strict test. In later child- 
hood, by contrast, just because growth is so slight relative to attained 
measurements, the type consistency must be relatively high. Even at 
adolescence the change in growth pattern is still relatively slight as 
well as being temporary (due to the different times of onset of measure- 
ment spurts) and so type consistency will still be fairly high over this 
period. The correlations found between the type values over an interval 
of three years for school children (even including the adolescent period) 
average over 0.8. In part, the high type consistency is due to this 
contribution of the earlier measuremenis to the later body form but also 
the analysis of the growth shows that it consists mainly of a general 
inerease in all directions and this does not alter the type. Part of the 
growth is differentiated into directions corresponding to relatively greater 
Or lesser increase of lengths, girths or breadths in much the same way 
that the attained measurements were grouped. 

This correponds to true type growth, yet in the groups studied it 
has been very difficult to demonstrate any correlation between the kind 
of growth which occurs and the different attained body types. In those 
type groups which were also distinguished by social class, the leptosomes 
tended to become more clearly differentiated from the pyknies and this 
was also true to a lesser degree of a group in which the types were 
associated with nutritional state, but the types as such have on the whole 
failed to show specific growth characteristics. This may partly be due 
to the fact that growth itself is not consistent from one period to another 
as shown by the present study, the author’s тирпрНашей growth analyses 
Of other groups, and also previously by (Muhsam 47). In general it 
looks as though the growth is randomly superimposed on the body types 
found at any moment. The result is that most individuals, whatever their 
type may be, tend to increase іп general size by greater or less amounts 
during any interval. However, in addition some few will accentuate their 
type becoming relatively longer, more rotund or broader, others tend to 
compensate and so decrease their type shape but most continue to main- 
tain their proportions. A balance between these opposing tendencies is 
necessary if an amorphous inter-type is not to result. Тһе rather slender 
evidence afforded by the contributory variance of the type and general 


60 | W. H. HAMMOND 


factors at different ages suggests that there is no clear tendency for 
types to become more strongly differentiated at any one part of the 
growing period than another. The constancy of the types will naturally 
be highest at those times where the growth is least, i. e., from about 5 
years to 10 or 11 years. Temporary changes of type may occur at 
adolescence due to the time lag between the growth spurts of different 
parts of the body. In adults entirely different conditions apply because 
the all-round growth which characterises childhood no longer occurs. 
In adults weight and the girths may change considerably mainly through 
the accumulation or loss of fat, but lengths do not alter comparably and, 
therefore, whatever weight change occurs is more likely to alter the type 
form. 
SUMMARY 


Factor analyses of body measurements for infants from birth to 5 
years have shown that length, girth and breadth types similar to those 
found in children of school ages can be distinguished uniformly through- 
out the age range. 

Analyses of the Bakwins’ and Low’s data confirm these distinctions. 
The types are probably determined by the relative development of the 
long bones, muscle and fat. 

The consistency of the individual type values has been assessed over 
an interval of 3-5 years at various age levels. The type consistency is 
low in infancy and increases throughout the school ages largely because 
the variance of the first measurements contributes an increasingly greater 
part to the variance of the second measurements in older children. 

Factor analysis of growth increments showed a distinction into 
relatively greater length, girth or breadth development similar to the 
types of attained measurements, but the type growth was less important, 
than general growth and showed little consistency from one period to 
another, Within the same social and nutritional levels the type growth 
did not appear to be related to the physical type. 

The type consistency found could be ex 
randomly superimposed on the initial ty 
attained types were also related to social 
these cases the types also showed a consiste 


plained in terms of growth 
pe figure except where the 
or nutritional influences. In 
ntly different growth pattern. 
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TYPICAL AND ATYPICAL CHANGES IN THE 
SOFT TISSUE DISTRIBUTION 
DURING CHILDHOOD 


BY WERNER KORNFELD 
Department of Pediatrics, New York Medical College, 
Flower and Fifth Avenue Hospitals 


INTRODUCTION 


N anthropometric studies on body build and physical development 
I of white children in New Jersey (Kornfeld 747, 753, ^54, 255) we tried 
to analyse the changes occurring in the distribution of the subcutaneous 
fat tissue during childhood.’ The same selection of measurements and 
the same technique was used which we had deve 
in Vienna (Kornfeld and Schiiller 730), with the exception that an 
anthropometrie caliper was used instead of the small mierometer used 
before. Results obtained this way may not be as accurate as those 
obtained by the more recently developed methods of examination (meas- 
uring skinfolds with special calipers which allow a constant pressure,— 
Franzen 729, McCloy 736, 38, Brozek 753,—and roentgenometrie deter- 
mination of subeutaneous fat layers, Garn "55a, Stuart, Hill and Shaw 


loped for earlier studies 


* The following measurements were take 


n on these children since 1940: body 
length, 


stem length, weight, head circumference, supramamillary chest circum- 
ference; circumferences of wrist, forearm, arm, and calf; hand length, hand 
breadth and middle finger length. Since 1950 the following were added: fronto- 
occipital and biparietal diameters of the head, chest circumference at the level 
of the xiphoid, foot length, foot breadth and bimalleolar diameter, Finally in 
1952 we resumed the soft tisue measurements, which are discussed in this paper 
and which we had not used since our studies in Vienna. 

Longitudinal studies were considerably handicapped by the fluctuating charac- 
ter of our pediatrie practice. Even in the limited number of cases which were 
regularly examined over a long period of time, the first group of measurements 


enumerated above could be followed on the same individual for a period of 14 
years; the second group for 6 years, at best; and the soft tissue measurements 
for only four years. 
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240, Stuart апа Dwindell ^42, Stuart and Sobel 746, Reynolds 51). The 
circumstances under which these examinations were performed made it 
necessary, however, to use simple methods. The data for normal indivi- 
duals were collected during office hours on children who came for periodic 
health examinations. Pathologic cases were examined in hospitals, where 
we had to bring our equipment with us. In both cases examinations had 
to be made with as little disturbance as possible in office or hospital 
routine, and with limited equipment. The anthropometric caliper was 
used for other measurements anyhow; X-ray studies would not have 
been feasible, and the special calipers were not available. The material 
presented in this paper may prove, however, that our findings fit well 
into those obtained by other research workers who could apply more 
refined methods. We believe that our method allows an analysis of some 
characteristic features in the distribution of subcutaneous soft tissues, 
as part of a developmental appraisal, in a comparatively simple manner. 


MATERIAL AND METHODS 


| Our standard values were derived from normal healthy white children, 

living in metropolitan and suburban New Jersey, predominantly of 
middle class families. The racial background was not homogeneous: 
about % of the children were of Jewish descent, the remaining of Anglo- 
Saxon, German, Scandinavian, or Slavic origin. It could be shown, 
however, that body build and physical development of these children 
did not differ essentially from that of other groups, which are assumed 
to be typical for the average white population in the United States 
Kornfeld 54). 

Measurements on skinfolds were taken in the following areas: on the 
Chest about one inch below the middle of the right clavicle; on the 
abdomen about midway between navel and iliac crest; on the back about 
Опе inch medial to the inner border of the right scapula. Subcutaneous 
tissue masses on the cheeks were measured in the following manner: the 
bizygomatie diameter was determined over the most prominent points 
of the zygomatie arch without any pressure, so that the surface of the 
skin was not dented. Then the measurement was repeated at the same 
Spot, while the caliper was pressed gently against the underlying bone. 

he difference between the two measurements was obtained, indicating 
the thickness of the compressible or displaceable subeutaneous masses. 
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FINDINGS 


Mean values of the soft tissue measurements, as obtained by the 
examination of normal healthy children, are reported in table 1a-d. This 
table contains also the numbers of children examined in each age group, 
the medians, the range of variation, and the standard deviations. Figure 
1 presents the average values for boys and girls with the omission—for 
economy of space—of alternating age groups. 


TABLE 1 


Mean values, medians, range of variations and standard deviations for soft tissue 
measurements in boys and girls 


ee 88. 


A. CHEEKS 


BOYS GIRLS 
Ot 
AGE N Mean Med. Min. Max. S.D. N Mean Med. Min. Max. S.D. 
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TABLE 1 (Continued) 
B. CHEST 
BOYS GIRLS 
AGE Mean Med. Min. Max. S.D. Mean Med. Min. Max. S.D. 
Newborn 39 3 3 Т 10 40 39 3 6 08 
ё months 6.7 i 3 12 20 10 63 3 14 23 
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TABLE 1 (Continued) 


ABDOMEN 


C. 


GIRLS 


Mean Med. Min. Max. 


BOYS 
Min. 


S.D. 


S.D. 


Max. 


Med. 


Mean 


AGE 
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TABLE 1 (Continued) 


D. Васк 
BOYS GIRLS 

AGE Mean Med. Min. Max. S.D. Mean Med. Min. Max. S.D. 
Newborn 3.8 з 7 08 ЯШ XI © F R 
3 months 57 4 10 11 61 60 4 10 15 
a 5.9 а 10 15 04 60 3 10 15 
BL 6.3 4 9 13 66 68 4 9 16 
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Analysis of the figures in these tables reaffirms earlier reports in many 
points. (For a review of the earlier literature see Reynolds 21). Higher 
mean values for girls were found in the chest measurements in all age 
groups with the exception only of the 112 and 121 year olds; on the 
abdomen in all age groups except the newborn and the 18 month olds, 
where the measurements were equal or nearly equal in both sexes; on the 
back in all age groups except for the 18 month and 64 year olds, where 
again the measurements were equal or almost equal. Тһе preponderance 
of the mean values in the females was least regular in the cheeks, where 
higher means in boys were found for the age groups of 23, 63, 81, 12, 
122, and 13 years and equal or almost equal mean values in several other 
age groups. 

The difference between the soft tissue measurements in boys and girls 
which are seen in the mean values for each age group are even more 
evident if we analyse the distribution of the individual measurements in 
each age group. For reason of economy of space we do not include tables 
of these distributions in this publication. We would like to mention, 
however, that such distribution tables explain some of the irregularities 
seen in the tabulation of the mean values. Тһе highly asymmetric dis- 
tribution of the individual measurements, which is most evident in 
these distribution tables, is a well known phenomenon. Minus variants 
may extend from the mean to a low value representing the thickness of 
the skin itself with a minimum of subcutaneous tissue ; plus variants may 
extend into extremely high values with execessive fat accumulation. This 
skewed character of the distribution of soft tissue measurements can 
also be seen in the difference between the means and the medians. The 
medians may be considered as even more representative for the typical 
changes in soft tissue distribution during childhood than the means. 

There are also differences in the variability of the soft tissue measure- 
ments between boys and girls. These differences are evident when we 
compare the standard deviations or, even better, when the coefficient of 
variation (100 times the standard deviation divided by the mean) is 
used for comparison. In the newborn the variability appears to be 
slightly higher in boys than in girls for all four measurements. The 
variability for the cheeks stays slightly higher in boys during the first 
year; during the second and third year there is no steady difference; 
from the fifth to the 13th year the variability is higher in girls, during 
the 14th year higher in boys. Тһе variability of the chest tissues is 
slightly higher in girls of 6 to 12 months, markedly higher in boys 
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from the 6th year up to the age of 14. Variability of the abdominal fat 
masses is higher in girls from two to 8 years, in boys from 9 to 14. 
Variability of the skinfolds on the back is higher in girls in most age 
groups until 11 years, higher in boys from 12 to 14. 

Changes in the distribution of soft tissue masses during ehildhood 
have been described since the first studies of skinfold measurements in 
children were published. Neuman (712) reported the faster increase in 
abdominal fat in girls. He also tried to find quantitative relations 
between changes in skinfold thickness and changes in body weight, as 
Oeder (710) had done for adults. Batkin (715) described typical dif- 
ferences in skinfold thickness for 8 different regions but assumed from 
his findings a rather persistent pattern for these regional differences 
throughout childhood. Peiser (21) compared the findings on skinfolds 
and their changes with the individual Pelidisi Index (Pirquet's index 
for the nutritional state). In our studies in Vienna the different char- 
acter of the average curves for the soft tissue in the four regions was 
demonstrated. The most exhaustive study of this topic is Reynolds’ 
Monograph (251), in which a thorough discussion of all earlier research 
ш this field may also be found. 

In our present studies on New Jersey children the following changes 
Were found to be typical: mean yalues for the soft tissue masses in all 
four regions increase rapidly during the first 6 months of life, in boys 
as Well as in girls. The mean values for the cheeks stay high until about 
18 months and decrease slowly thereafter. Mean values for chest decrease 
Slightly at the end of infancy, stay low from one to 5 years, then increase 
to reach the highest values in boys at 11-13 years, in girls at 9-14 years. 
After 14 years mean values decrease in both sexes. Medians for the chest 
Show a second (pre-puberty) increase in boys from 11-18, in girls from 
9-14 years, Mean values for abdomen stay low in boys from one to 9 
Years, in girls from one to 7 years, after which period an increase takes 
Place faster in girls, slower and less markedly in boys. Changes in the 
Soft tissue menm iS the back are similar to those on the abdomen but 
less pronounced, 

"The described changes show a specific pattern of development for 
each of the four umi The difference in these developmental 
Patterns results in typical changes in the relation between the measure- 
Ments taken in the four different regions. These changes сап be Шив- 
trated by graphs based upon the mean values for the different age groups, 
38 shown in Figure 1. The following typical changes can be read from 


70 WERNER KORNFELD 


these graphs: at birth the mean value for cheeks is by far the highest, 
the value for abdomen the lowest; the values for chest and back are in 
between, near to each other and only slightly above the mean for abdo- 
men. These relations stay rather similar through the first two or three 
years of life in boys as well as in girls. Тһе whole level of the graphs 
reflects the increase of the soft tissue masses during the first months of 
life and the following slow decrease during the second, third and fourth 
year. Around an age of 5-7 years the profiles as a whole reach the 
lowest level; at the same time means for the skinfold measurements 
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Fig. 1. AVERAGE CHANGES FROM THE NEWBORN TO THE AGE OF 13 YEARS. 
Lines Соххест Dors REPRESENTING Sorr TISSUE THICKNESSES ON CHEEKS, 
CHEST, ABDOMEN AND BACK, IN THAT ORDER. 


become nearer to the level of the cheek measurements, which are de- 
creasing. From 6 to 10 years there is a difference in these soft tissue 
profiles between boys and girls: the girls show a very definite pattern 
with the chest values becoming more and more elevated; the values for 
abdominal fat follow with a slightly slower increase, means for cheeks 
and back lagging behind. At 12-14 years the means for abdominal soft 
tissue masses surpass the values for the chest, thus climbing to the top 
of the profile. The relation between the two lower values, cheeks and 
back, changes so that finally the cheeks have the lowest mean value with 
the back tissue gradually increasing. In boys the changes are slightly 
different: The means for chest surpass the means for the cheeks later 
and more slowly than in girls. The increase in abdominal tissue masses 
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я о delay ed and brings the mean values for abdomen above those for 
he chest in boys only at 14 years. 
Simila us denioted i i 
ur r changes as depicted in these profiles based upon mean values 
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ng the second year. At the same time we notiee how certain indi- 
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vidual features of the soft tissue distribution are rather persistent: high 
pm of the cheek tissue in the one case (figure 2a), comparatively 
n values of the back tissue in the second case (figure 2b). Unusually 
igh values for the cheeks may persist longer, аз shown in figure 3a for 
а boy at the ages from two to 5 years. By contrast figure 3b depicts 
e condition in a girl with persistently high values for chest tissue, 
ы inerease of all soft tissue masses from 24 to 4 years (moderate 
esity), and slimming in the fifth year. Figure 4a shows gradual 
st а of soft tissue masses in а girl during the 5th and 6th year, 
5. а sudden increase of fat on the chest in the 7th year. А similar 
ease of subcutaneous tissue during the 6th, 7th and Sth year, fol- 
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а. GIRL wiTH DECREASES IN ALL Masses DURING THE FIFTH YEAR AND АУ 
INCREASE IN CHEST FAT IN THE SEVENTH AND EIGHTH YEAR OF Lire, b. GIRL 
WITH INCREASES FROM 5 TO 8 YEARS Ахр SLIGHT DECREASE AT 9 YEARS. 
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lowed by a slight decrease during the 9th year in shown for another 
girl in figure 4b. Persistent slenderness through age 93 to 133 is shown 
for a boy in figure 5a, while figure 5b depicts the conditions in a girl 


nu 
10 
a b 
15 
10 
5 “А. -- im Lu e 
94 тор ng 124 ІЗІ years We ik sb die 


CHEEKS, CHEST, ABDOMEN AND BACK. 


Ето. 5. Sorr TISSUE THICKNESSES ON 
} Years, b. OBESE GIEL WITH 


^ Boy, PERSISTENTLY SLENDER FROM 93 TO 13 
RANSITORY SLIMMING DURING 13TH YEAR. 


from 113 to 144 years. A transitory decrease of the soft tissue masses 


during the 13th year interrupts here an otherwise rather persistent pat- 


tern of moderate obesity. Figure 6 ilustrates the case of a boy with а 
Similar transitory period of comparative slenderness around the age of 
12 years interrupting an otherwise steady increase of the soft tissue 
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Fig. 6. Sorr TrssuE THICKNESSES ON CHEEKS, CHEST, ABDOMEN AND BACK. 
Вох wing MODERATE INCREASES IN FAT FROM 10 ro 11} YEARS FOLLOWED BY 
REPUBERTAL SLIMMING AND INCREASES AGAIN DURING THE 13TH YEAR. 


masses from age 10 to age 13. Figure 7 shows the development of the 
Soft tissue masses in а pair of identical twins for the period from 8 to 10 
years. The figure consists of 5 pairs of graphs: the first graph in each 
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pair depicts the measurements of the one twin, while the second graph 
of each pair depicts the measurements of the other twin, obtained at the 
same time. Тһе graphs illustrate the similarity of the profiles for the 
two twins in general and at the same time show some persistent indi- 
vidual features in minor details in which the twins differ. 

All these changes become even more meaningful when the develop- 
ment of the soft tissue masses is compared with other measuremnts, taken 
at the same time. То illustrate this, figure 8 shows two cases of moderate 
obesity and table 2 contains excerpts of the anthropometric findings for 
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Fic. 7. боғт TISSUE THICKNESSES ON CHEEKS, CHEST, ABDOMEN AND BACK 
IN A PAIR OF IDENTICAL TWINS. For EACH AGE FROM 8 TO 10 YEARS THE GRAPH 
WITH OPEN CIRCLES DEPICTS THE CONDITION FOUND IN ONE Twin (BARBARA), 
THE SECOND GRAPH, WITH Dots, DEPICTS THAT IN THE OTHER (BEVERLY). 
BEVERLY Is SLIGHTLY THINNER THROUGHOUT THESE YEARS; THE TREND OF 
CHANGES FROM YEAR TO YEAR, HOWEVER, Snows GREAT SIMILARITIES гов BOTH 
GIRLS. 


the same period. The first case is that of a boy who gained very rapidly 
during the second half of the 9th and during the second half of the 11th 
year. During these two periods of rapid weight gain arm circumference 
and abdominal tissue show rapid increases, tissues on cheeks and back 
slight increase, while the measurements on the chest behave somewhat 
paradoxically, decreasing just during the periods of fast weight gain 
and increasing during periods of considerably slower weight gain. 
In the second case (figure 8b and table 25) we find a boy with longi- 
tudinal growth steadily above average for his age, weight persistently 
above average for his height, arm cireumference persistently high above 
average, and wrist cireumference moderately high. The measurements of 
superficial soft tissue masses, however, show persistently average values 
in the cheeks, and moderately elevated values for the back. Thickness of 
the skinfolds on the chest was very high at 93 and 11 years, but came 
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паана е elevated values in the 13th and 14th years. Skinfolds 
sail ne sm moderately high at 94 and 11 years, increased con- 
that pie 12} years, after which they decreased in thickness so far 

xt years, an average level was reached. Analysis of the changes 
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"s the soft tissue distribution by observations of this kind may be help- 
ul in the management of obesity. 


In a similar way such studies may help in the evaluation of the de- 


velopment of premature infants. Such infants show, at least in the 
! ето, а marked deficiency in soft tissue development. It is interest- 
INg to sce how this deficiency in soft tissue development is corrected and 
? compare this improvement with other features of the physical develop- 
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ment i . | МР 
in Er mean. born infants. The status of the soft tissue masses 
Eins. Toe infants from the age of one month up to two years is 
абай Tn ла and b. Some additional anthropometric data аге 
Melani | 

who тра R. (figure 9a and table За), first child of a diabetie mother, 
wasla P ; one spontaneous abortion before, was delivered after about 35 
Weight of an uneventful pregnancy by cesarean section, with a birth 
лені А. lbs. 3 oz. (1450 grams). She was discharged from the 

at four weeks of age in good general conditions with a weight 


0 


0 
18 24. 7730 months 


CHEST, ABDOMEN AND BACK 


Fig. 9. SOFT T = m $ z- 
ISSUE THICKNESSES ON CHEEKS, 
NAL ANTHROPOMETRIC DATA 


IN T 

wo 
ARE R INFANTS Вонм PREMATURELY. SOME ADDITIO 
e on the cheeks was 


n chest, abdomen and back very low. 
Weight hed the average body length and 
gressed of a normal. full term newborn girl. Longitudinal growth pro- 
тав steadily, but stayed below the average for the age. Body weight 
Starti E rapidly, was soon above average for the child's body length and 
E With 9 months even above the average of girls of her age. Oir- 
len erence of the wrist reached the averas® for age at 9 months and 
in a К; ay ed near the average values. The arm circumference increased 
de ar way as the wrist. All soft tissue measurements were still 
average at three months, cheeks only slightly, the three skinfolds 


of 
1700 grams and body length of 48 cm. Soft tissu 


sli 
E below average, skinfolds 0 
Out two months she had reac 
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consi ? p ь 
considerably, From 6 to 34 months we find near average values for 
ыы ack. genie on chest and abdomen were considerably 

ЙЫЗ pom ir" months, nearly average at 18 and 24 months. 
hi со. (с 9b and table 4b) was delivered 8 weeks before term, 
SEL hielt is i "piae of premature separation of the placenta, 
TR dom ¢ Ens it of 31bs 91 02. (1600 grams). At 10 days his weight 
с ар m 60 grams. At the age of one month his weight of 1750 
iiis : Was approximately average for his body length of 49.5 ст. and 
ы epa ары about the same until the age of 12 months. After 
ie weight increased much more slowly, so that we find a 
inst Ea underweight for his height {тош 18 to 30 months, and a body 
ein i d the average for his age all through this time. Correspond- 
"de exiger a we see the wrist and arm circumferences steadily 
Frei iaa with the exception of an average value for the arm 
Sein a dee at the age of 12 months. At the age of one month and 
K med fien of three months all soft tissue measurements were con- 
е орй elow average. At 6 months, however, the figures for cheeks 
average Vin above average, the figures for abdomen and back around 
stayed i en A period the values for cheeks, chest and abdomen 
average, nd the average, the skinfolds on the back slightly below 
ii mh of the soft tissue development in these two prematurely born 
"eie d 4 hows the initial underdevelopment of the soft tissue masses 
dëvelonr by about 6 months. While other features of delayed physical 
after ig may persist longer, the pattern of soft tissue distribution 
ъан 6th month shows no after effect of the original deficiency. 
ins, ual differences, based apparently upon genetic factors, show up 

€ soft tissue profiles of prematurely born infants after the 6th month 


jus 
t as they appear in full term infants. 


DISCUSSION 
esent а comparatively simple method for 
distribution in children of different age 
istribution are characteristic for the 
hild, with variations occurring 
ked variations occur in border- 
or in moderate obesity. Still 
bserved in pathologic condi- 
was not included in this 


Pls reported here рг 
Broups [ws of the soft tissue 
normal à ome changes in this d 
Within а evelopment of the average € 
ine сазе, normal range. Other more mar 
Шоге 8 of normality, as in prematurity 
bu o E йыш have been о 
Paper. е discussion of such cases, however, 


the 
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Тһе method described here had been developed during studies on chil- 
dren in Vienna. It was used there to analyse the effect on the nutritional 
status of open air treatment in children with inactive tuberculosis (Когп- 
feld and Schüller, 231) and also to follow the changes in the status of 
such children after discontinuation of such treatment (Kornfeld and 
Orosz, 731). These studies revealed that the considerable weight gain 
in such periods and the loss of weight usually following such accelerated 
gain is accompanied by changes in the soft tissue distribution, but that 
these changes show considerable individual variations. 

The significance of individual differences in the soft tissue distribu- 
tion in children has been discussed by Reynolds (751) on the basis of 
roentgenometrie studies on children of the Fels Institute Research 
Project. Among his examples of individual peculiarities are also two 
pairs of twins and three cases of obesity. Fat distribution in children 
with pathologie disturbances other than Obesity has not been studied 
extensively. Exceptions were the studies of two cases with lipodystrophy 
by Feer (15) and a paper by Batkin (215) who described changes in 
skinfold measurements in different pathologie conditions. 

Тһе role of relative fat patterns as an individual characteristic has 
been analysed recently in adults by Garn (55a). Roentgenometric 
measurements of fat thickness in 9 different areas were converted into 
standard score values. On this basis profiles of the fat distribution were 
drawn, which show very definite individual characteristics. Сати shows 
that these individual fat patterns are of a considerable consistency even 
through periods of enforced weight loss. A similar deduction may be 
obtained from our graphs for normal as well as for obese children and 
also from our earlier observations on children during and after open air 
treatment. In a more recent paper Garn (7555) emphasizes the advan- 
tage of relative patterns based upon standard scores, as compared with 
profiles based upon absolute measurements. We used similar profiles. 
based upon variation classes of selected measurements, for the graphic 
illustration of body build and physical development in earlier studies 
(Kornfeld 97 and ?28). We hesitated, however, to use classification by 
standard deviations in the construction of profiles for the soft tissue dis- 


селе because of the highly asymmetric distribution of the individual 
values. 
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SUMMARY 


in ss urs and graphic illustration of the soft tissue 
viis a "т f A ren is described. It can be used comparatively easily 
далы кн ча дашы examination. The method comprises 
oll. inda cg on chest, abdomen and back, and measurements 
: pressible soft tissue on the cheeks. 
eed : d values, medians, standard deviations, and range of variations 
ed and diseussed. 
мы Чеш trends of changes in the distribution of soft tissue masses 
1g childhood as well as examples of individual deviations from 


thes Е 
езе general trends are illustrated. 
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кетеме е 
А = 
EN OF THE GOMPERTZ CURVE TO THE 
SERVED PATTERN OF GROWTH IN LENGTH 


OF 48 INDIVIDUAL BOYS AND GIRLS DURING 
THE ADOLESCENT CYCLE OF GROWTH 


BY JEAN DEMING 


The Child Research Council and the University of Colorado 
School of Medicine, Denver 


INTRODUCTION 

of children from 
the Child Research 
tting of calculated 


НЕ longitudinal study of the physical growth 
hs to maturity, which is being carried on by 
25 ‚ offers а fund of valuable data for the fi 1 
The + curves to the observed pattern of growth of these boys and girls. 
fitted qs paper deals with the 48 caleulated curves which have been 
boys { da portion of the observed pattern of growth in length of 48 

қ ay girls from the Child Research Council series. | 
чи general pattern which is formed by the successive observed 
these "Meis of length, from birth to young adult life, of any one of 
and e CYR or girls is the pattern illustrated by fig. 1. During infancy 
tthe at childhood the pattern is а continually decelerating curve, 
а slop; attens out during the later childhood years to what is essentially 

" 4 ing straight line. Then, at à point somewhere near the time when 

tst outward sign of beginning secondary sex development is observed 


in 
the boy or girl, there is a sudden and dramatic change in the growth 
d somewhat like the letter S, 


oe It now follows a course shape | 
um | Sharp acceleration of the rate of growth for a time, followed in 
ew] Бу а period of deceleration, and finally approaches a horizontal 

as the adult length of the individual is attained. 
pattern separate treatment of the later S-shaped portion of the growth 
› without attempting to find some mathematical equation which 
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might be manipulated in such a way as to cover the entire growth pem 
from birth to maturity, seems to us to need no apology. In the firs 
place, the period from birth to maturity is itself only a portion 
larger growth pattern which has its beginning at conception of the 
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Fra. 1. GROWTH IN LENGTH or AN INDIVIDUAL BOY AND AN INDIVIDUAL GIRL 


FROM BIRTH TO Youna ADULT Lire, 

Dots and rings are observed le 
the calculated growth eurves—eq) 
Gompertz equation for the S-sh 
SS m 


ngth measurements, Solid and broken lines are 
uation of Jenss and Bayley for the early years, 
aped adolescent cycle. 

arks first recorded sign of Secondary sex devi 


elopment. 

individual, and whieh we can never know in its entirety. And in the 
second place, the S-shaped pattern of growth during the transition of 
the individual from a child to an adult is something so obviously new 
and different that it seems not only possible but desirable to treat it as 


а separate cycle of the growth process, which proceeds according to its 
own peculiar laws. 
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the Poe кі : ans of growth has been used by various authors in 
A мы с un w ith somewhat varying definitions of its meaning. 
кеи кс A the standpoint of the pattern of human 
9 cycle of bale Re S D UN еже by Courtis (31), who defines 
elmants ai wine emos of specific maturation during which the 
vensátale limits. acting on the grow th process are constant, within 
тт, о а position io discuss the hormonal stimuli that are 
this cde чана times, on the growth of the boys and girls used for 
Boge Mar ah cause hormone studies have not as yet been done on the 
generally = = ү Child Research Council series. But it would be 
constant Қамысты that the hormonal stimuli affecting growth are not 
аб as E the period from birth to maturity, and that there 
about the ^w pen of new and different hormones into the picture at 
have itd a sexual maturing of the individual begins. We 
in length, wi ig кене the S-shaped portion of the pattern of growth 
maturing, М 4. aimed approximately with the period of sexual 
will be iles hen adolescent cycle" of growth in length. The term 
Foy жай 1 this meaning throughout the present paper. 

hood, we ieee he pattern of growth in length during infancy and child- 
equation a еч made use, at the Child Research Couneil, of the growth 
at some flee dee and Bayley (737), which we hope to report in a paper 

ater date. For the S-shaped adolescent cycle of growth, with 
have used the equation of 
ally developed by Gompertz 
d which was much 
h of biological 
), and 


whic} 
betes present paper is concerned, we 
in ечи! Gompertz (1825), which was origin 
later дев in connection with actuarial life tables, an 
"eio ees as a growth eurve applicable to the growt 
ud uH H 

y others, y Winsor (239), by Courtis (732), by Backman (798 
One еі 

choice of the Gompertz eurve is based partly on the empirical 


findin 
5 that the S-shaped adolescent growth cycle of individual boys and 


girls с 
3 ould be fitted very satisfactorily with it; partly because the essen- 
escribed in a later section 


la 
n M the Gompertz equation (to be d 
of Bence seems to us to be a logical one for describing the process 
е Gompa oe partly because the actual calculation involved in fitting 
the help px curve seems much less laborious, at least when done with 
er types the isochron table of Courtis (732), than the calculation of 
Pes of §-shaped exponential curves that might conceivably have 


een 
used i 
Sed in the same way. 
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Various types of exponential curves have been fitted satisfactorily by 
different workers to growth patterns in the form of a single S-shaped 
cycle. Robertson (723), who believed that all growth is governed by a 
master chemical reaction, autocatalytic in nature, used the symmetrical 
logistic (autocatalytic) curve for the growth of certain animals and 
plants and also applied it to different cycles of human growth in weight 
(averages from mass data), getting a reasonably good fit for his adoles- 
cent cycle in man but apparently less good fits for other portions of 
the human growth pattern. Pearl (95) and Pearl and Reed (35) 
applied the symmetrical logistic curve to population growth and to 
certain types of animal and plant growth and also fitted the much more 
laborious and complicated skewed logistic curve to growth in weight of. 
the rat, from the data of Donaldson, to growth of the pumpkin, from 
Robertson's data, and to growth in length of the tadpole's tail, from 
Durbin’s data, obtaining very satisfactory fits with this curve. Merrell 
(31) applied the symmetrical logistic curve satisfactorily to growth in 
weight of individual rabbits. Weymouth, McMillin, and Rich (31) 
applied the Gompertz curve satisfactorily to growth in length of razor 
clams and also to Donaldson's data for growth of the rat in weight. 
Courtis (299) gives many examples of satisfactory application of the 
Gompertz curve to growth of various plants and animals and also to 
mental growth in boys and girls and even to the learning of assigned 
lessons. 4 

For fitting the observed pattern of the adolescent cycle of growth in 
length of boys and girls in the Child Research Council Series, the Gom- 
pertz curve seems the most appropriate curve to use, though we make 
no argument for it as the only possible one that could describe the growth 
cycle correctly. 

Our fitting of the 48 individual adolescent growth curves has in- 
creased our respect, not only for the Gompertz curve as а useful tool 
for describing growth in length during this age period, but also for 
the great superiority of longitudinal series of measurements of indivi- 


duals, in contrast to the averaged measurements of a group of individuals. 
Fig. 4 is an illustration of the inade 


ments of a group of 24 girls as a des 
girls from the same group, 
variation in timing of the 
of the cycle and in the in 
pattern of the averaged me 


quacy of averaged annual measure- 
cription of the growth of individual 
during the adolescent age period. Тһе great 
adolescent cycle, as well as in size at the start 
tensity of growth during the Cycle, makes the 
asurements misleading and almost meaningless. 
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SUBJECTS 


Тһе subjects chosen for this study of the pattern of the adolescent 
growth cycle were 24 boys and 24 girls who had been followed from 
birth as part of a larger longitudinal study at the Child Research Coun- 
cil. They were selected from the larger group on the basis of being old 
enough, at the time when the curves were fitted, to have stopped growing 
in length, according to our measurements, and having a sufficiently 
complete series of measurements, over the period covered by the fitted 
curves, to give a clear picture of the pattern of their growth during 
that period. 

The group of 48 boys and girls is a fairly homogencous one. They 
are all white and born in the United States. ‘Ancestral extractions, other 
than American, are from British and North European stock. No Jewish 
children are in this particular group, and none of Italian or Spanish 
extraction. Like the larger Child Research Council Series, the group 
1s above average in socio-economic status. . 

The 48 boys and girls had been measured by anthropometer approxi- 
mately once in three months, in most cases, until the early “teen” years 
then once every 6 months until the late “teens,” and then once a year. 

We fitted the calculated curves to the supine length of these indivi- 
н (always somewhat greater than standing height) because we hope 
to make, at a future date, some comparisons between the pattern of the 
adolescent growth cycle and the pattern of growth in infancy, when the 
children are necessarily measured supine. In cases where our older 
boys and girls had been measured only in the standing position, we 
Corrected the measurement to the corresponding approximate supine 
length by the formula of Carrol Palmer (292). 

. The plotted series of length measurements of each of the 48 boys and 
8115 follows the general pattern of growth that is illustrated by fig. 1. 
Оше, like the boy and girl shown in fig. 1, maintain their late childhood 
“ate of growth consistently until the actual beginning of the S-shaped 
adolescent growth cycle. Others show a more or less noticeable falling 
ОП from their previous childhood rate during the last year or two b 
s €Y get started on the adolescent cycle. In these latter cases, it x 
беті that the hormonal stimuli which had been responsible for Қ 
SEPA during infancy and childhood must have played out before de 
*Y stimuli that would initiate the adolescent growth cycle were rea y 
egin. ; 
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Once actually started on the adolescent growth cycle, the observed 
length of the 48 boys and girls conforms to the S-shaped pattern of the 
Gompertz curve with great uniformity and consistency. Тһе boy and 
girl shown in fig. 1, the boy in fig. 2. the girl in fig. 3, and the 4 girls 
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Fic. 2. CALCULATED GOMPERTZ CURVE AND First DERIVATIVE CURV 
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Dots are observed length measurements. 


Crosses mark points of inflection. gg indicates fir 


i po st sign ex 
development. С indicates fusion of capitellum of hume: ыыы 


rus, 


shown in fig. 4 are by no means exception 
of their observed length to the pattern of t 
It would seem that the urge for growth 
to this pattern during adolescence is so & 
for anything to modify it significantly. 


al in the close correspondence 
he caleulated Gompertz curves. 
in length to proceed according 
trong that it would be difficult 
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about 1} D ams wn 

reed! АА m younger than {һе age when most of ihe boys get 

E 2, ide e By virtue of this earlier start, the girls soon 

E ма О " обед taller than the boys of corresponding 
) зе outstripped, however, by the boys later on. (See fig. 1 ) 


LENGTH IN CENTIMETERS 


Most irls 
of the girls appear to get started on the adolescent growth cycle 
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Fig. 3. С 
3. CALCULATED Gompertz CURVE AND Fin 
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sign of secondary Sex 
М indicates menarche. 


90 
i ia 132 156 180 228 
үм. 17 19 


ind indivi s 
© individual differences and sex differences in the magnitude of the 


Sain і 
n length during the cycle and in the rate at which this gain is 


accompli 
AATE But in all of these boys an 
Ompert: olescent cycle lends itself to being 
2 equation, now to be described in detail. 


d girls the observed pattern 


| 
Ir us 
| addition to the differences in timing of the adolescent cycle, we 
fitted satisfactorily by the 
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GENERAL DESCRIPTION OF THE GOMPERTZ CURVE 


Тһе simplest and most meaningful way of stating the Gompertz 
equation (though this is not the form that was used by Gompertz him- 
self) is: 


у = Ker (К, а, and b being positive constants). (1) 


184 


168 


152 


LENGTH IN CENTIMETERS 


O AVERAGE 
і 
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AGE IN YEARS 


6 


Fic. 4. AVERAGED ANNUAL LENGTH MEASUREMENTS (OPEN RINGS) or 24 GIRLS 
FOR PERIOD FROM 8 то 16 YEARS, COMPARED WITH OBSERVED MEASURE- 


MENTS AND CALCULATED Gompertz Curves FOR 4 GIRLS OF SAME 
GROUP OF 24. 


Note inadequacy of the averaged annual measurements as a description of 
individual growth during this age period. 

Note also that the 16-уеаг length of these girls could be predicted more 
accurately at 8 years than at 12 years. 


The curve is a skewed S-shaped exponential curve with both a lower 
and an upper horizontal asymptote, the vertical distance between the 
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asy ок 

ео being represented by the constant K. With equation (1) the 

equal е d (y — 0) and the upper asymptote is (у= К). In 

of itself. als of time, z, the proportion y/K increases to equal powers 
At any point on the Gompertz curve: 


and: 


loge ( — loge (2) x Dis (3) 


Th hmi ; 

lated ar gen equation (3) is à straight line, which can be caleu- 

ius Е. -3 method of least squares if we know, or can estimate, the 
К. This straight line (3) has а negative slope (—b) anda 

, the values of (а— Фа) 

fter it. 

1 the Gompertz curve, is 

g, we have: 


positive y-intercept (a). The x-intercept is; 


bei s 
7 positive before that point and negative а 
рте E absolute rate of growth, at any point or 
ssed by the first derivative. Differentiatin 


dy . Ke berto (4) 
dc 


or, substituting from (1): 


(5) 


with increase of 


dy _ .poa-bz, 
йт у- be. 
E relative vate of growth decreases exponentially 

dy jy = bett. (6) 
ith life tables, this property of the 
to avoid death is of such a nature 
he loses equal proportions of his 


A Gompertz (1825), dealing W 
ive rate meant that man’s power 


tha “es 
p d equal small intervals of time 
ining power to resist destruction." Winsor (32), considering the 


аррар 
әрне ра. of the Gompertz curve to the growth of biological organisms, 
Sgests the paraphrase: “ In equal small intervals of time the organism 


loses 

с equal proportions of its power to 

We E. Pi ing the second derivative of 

"his s he abscissa of the point of in 

безе aay is also the point at which 
m value. 


grow.” 

the Gompertz curve equal to zero, 
flection of the Gompertz curve. 
the first derivative reaches its 
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Differentiating a second time, we have: 


dy = Kec . 261-62 (а-ы. 11), (7) 
ат? 

Setting the factor (02-02 — 1) equal to zero, we have, for the point 
of inflection of the Gompertz curve (maximum point of first derivative 
curve): 


ga-bz — 1 (8) 
a—br=0 (9) 
= $. (10) 
and for the ordinate, from (1) and (8): 
у = Ке (= approx. 36.8% of К). (11) 
and for the maximum rate of growth, from (5) and (8): 
49 ркен, (12) 
dx 


The curve of the first derivative of the Gompertz curve is similar in 
general appearance to a logarithmic normal curve. Starting (approxi- 
mately) from a lower limit of zero, the rate rises steeply, reaching its 
maximum at the point corresponding to the point of inflection of the 
S-shaped Gompertz curve. It then declines more gradually and finally 
approaches zero again as a limit as the Gompertz curve approaches its 
own upper asymptote. The derivative curve has two points of inflection, 
one before the maximum point and one after the maximum point. They 
are equally distant in time from the maximum point, as is sho 
(16) and (19) below; but the second point of inflection is 
vertical level than the first point of inflection 
(21) below. The abscissas of the two points 
setting the third derivative equal to zero. 

Differentiating a third time, we have: | 

D m Kee b*g2-bz (2-02)... 3 ga-bz +1). (13) 


wn by 
at a higher 
› as is shown by (18) and 
of inflection are found by 


The factor (e*(-b2.— 3ga-bz 44) за quadratic expression in e". 

Setting it equal to zero, we have: 
5 [3.61803 

iiy. or (14) 
0.38197 

a— bz — + 0.9625. (15) 


ga-bz — 
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Solving for the first point of inflection : 


from (15) : z= 5—7 (0.9625) (16) 
from (1) and (14): y = Ke2599 (== approx. 0.073 К) (17) 
from (5) and (14): 44 _ 2.61803 piget 


(— approx. 0.191 bK). (18) 


Solving for the second point of inflection: 


from. (15): rai (0.9625) (19) 
from (1) and (14): y = Ke 599: (== approx. 0.683 К) (20) 
from (5) and (14) : а — 0.38197 bKo 3919 


(= approx. 0.261bK). (21) 


APPLICATION OF THE GOMPERTZ CURVE TO THE ADOLESCENT CYCLE 


OF HUMAN GROWTH 


Equation (1) describes an observed pattern of growth only when the 


observed pattern appears to be an S-shaped cycle starting approximately 
from zero level, as is the case for some forms of animal and plant life. 
For the more complex pattern of human growth (fig. 1) wS have 
Seen that this is not the case. ‘The S-shaped pattern, to which the 
Ompertz curve is applicable, does not begin at the zero level for actual 
à an of the individual, but appears to start abruptly as à new cycle 
bi а considerable portion of the total growth has already been com- 
ii Therefore, in fitting the Gompertz curve to the observed келей 
е growth cycle of a human individual, we cannot use for the ас i 
ngth of the individual (starting from zero length) the same symbo 
at we use for the ordinate of the Gompertz curve itself (starting from 

* е lower asymptote of the curve). In order to state the бшен 
“ш in terms of the length of the growing individual, we take | А 
n 9l Y to denote the actual length of the individual, at any t 
at We retain the symbol у for the ordinate of the Gompertz curve 1 к , 
апу point, Tt then becomes necessary to add to the equation another 


le 
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positive constant, d, to represent the level of the lower asymptote of the 
Gompertz curve. This gives us the equation that was used for calcu- 
lating the curves reported in the present paper: 


Y—d-y—d-J- Ke. (22) 


When equation (22) is applied to the observed adolescent growth 
cycle of individual boys and girls, the age of the individual, at any point, 
is represented by т, with (z— 0) at birth. Тһе actual length of the 
individual, at any point, is represented by Y. Тһе ordinate, y, of the 
Gompertz curve is equal to Y — d, and represents the length that has 
been gained, at any point, by the individual after starting on his 
adolescent cycle of growth. Тһе lower asymptote of the Gompertz curve, 
representing the length that had already been attained by the boy or 
girl before the start of the adolescent growth cycle, is (Y — d). Тһе 
upper asymptote, representing the adult length of the. individual, is 
(Y—d--K). The constant К represents the individual's total gain 
in length during the adolescent growth cycle. The constant b represents 
the rate at which the proportion y/K is increasing to equal powers of 
itself. "his constant may be thought of as the individual's constant 
inherent rate of maturation through the S-shaped adolescent growth 
cycle. Тһе constant a is merely the intercept at (x = 0) of the logarith- 
mie straight line (3). Тһе proportion a/b, which is the abscissa of the 
point of inflection of the Gompertz curve, represents the age of the boy 
or girl at the point of inflection, which is also the point of maximum 
rate of growth of the individual. Тһе product bKe- represents the 
maximum rate of growth attained. 

The derivatives of the Gompertz curve remain the same, whether we 
State the original equation in the form of (1) or in the form of (22). 
We may use the symbol dy/dx or the symbol dY/dz interchangeably, 
since the additional constant, d, in equation (22) does not change the 
value of the derivative. However, the symbol y must be retained in 
those derivative equations which contain it, namely (5) and (6). And 
it must be remembered that, with equation (22), the symbol y denotes 
not the actual length of the growing individual but the length he has 
gained, at any point, after starting on his adolescent growth cycle. 

А Gompertz curve and first derivative curve fitted to the observed 
adolescent growth cycle of an individual boy and an individual girl 
respectively, сап be seen in figs. 9 and 3. 

The actual calculation of the curves reported in the present paper 
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was done by means of the Courtis table of isochrons. This table is very 
helpful for fitting the Gompertz curve to observed data, because it con- 
verts the observed values of the percentage 100 у/Ж directly to linear 
log. (— log.) units called isochrons, thus doing away with the necessity 
of looking up natural logs twice over for every observed point used in 
the calculation of the curve. 

The relation of the Courtis isochron to the Gompertz curve as 
described by equations (1), (2), and (3) can be explained as follows: 

The Courtis isochron is 1/10 of the Courtis T-unit. The T-unit is 
defined, in effect, by Courtis (299) as the time required for the pro- 
portion y/K at the point of inflection of the Gompertz curve to increase 
to its own power of itself. The number of T-units corresponding to the 
Proportion y/K, at any point on the Gompertz curve, is represented by 
the symbol T, with (7—0) at the point of inflection. 

At the point of inflection of the Gompertz curve: 


(Әу definition: Т--0 
from (11): %-ез 


from (3) or (9): a—br=0 


At the point where the proportion y/K at the point of inflection has 
Rereased to its own power of itself: 


f by definition: T=1 
by increasing to 
its own power of y x (@ == e? 
itself: Р K 
y = 
| loge (-% (%) ast 
from (3): a—br=—1 
al 
т--% 1m 


Thus we see that 1 T-unit is (a/b + 1/6 — a/b) a-units = 1/b a-units. 
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In order to find the number of T-units corresponding to any number 
of z-units, we divide the number of z-units by 1/b. Since T — 0 when 
z—a/b, the relation between T and z is: 


a: 
т b 


=— a + bz. (23) 


It is obvious that equation (23) is a straight line, and that this 
straight line is the mirror image, about (x= a/b), of the logarithmic 
straight line (3). 

Since the Gompretz curve is asymptotic, it follows that the proportion 
y/K can never actually be zero, except at minus infinity, and can never 
actually be 1, except at plus infinity. For practical purposes, an arbi- 
trary “zero time” is taken by Courtis (732) at the point where T — — 3, 
at whieh point he states that the percentage 100 y/K is 0.000000189%. 
(At this point, from (23): £= a/b —3/b.) Likewise, for the approxi- 
mate time of “maturity” or completion of the growth cycle, Courtis 
(32) takes the point where T — 7, at which point he states that 
the percentage 100y/K is 99.90917%. (At this point, from (23): 
t—=a/b-+%/b.) Тһе total duration of the S-shaped growth cycle is 
covered, for practical purposes, by 10 T-unils. 

In order to have a unit of convenient magnitude for caleulations, 
Courtis (732) takes the isochron as 1/10 of the T-unit, i.e., as 1/10 
of the time required for the proportion y/K at the point of inflection 
of the Gompertz eurve to inerease to its own power of itself, and as 
1/100 of the approximate total duration of the S-shaped growth cyele 
represented by the Gompertz curve, "The number of isochrons corre- 
sponding to the percentage 100 y/K, at any point on the Gompertz curve, 


is represented by the symbol Г. Courtis (32) takes the zero value of Г 
at "zero time"—i.e., 1— 0 when Т----9. 


Then, by definition: 


I=10(T +3) (24) 
and, substituting from (23): 


I—10(—a- bz +3) =30—10a + 10br. (25) 


` 
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Courtis (792) writes this isochronic straight line in the form: 
=i} Rs (26) 
where, evidently : i=30— 10a (27) 
ала: R —10b. (28) 


But when, as is the case 
> for the start of the 
), the projected 


Шы values of I are positive. 
ique ipse e growth curve, the “zero time’ 
int йы growth cycle is a later time than (r—0 
ercept, i, at (z— 0) will be negative. 
Some equivalents that may be helpful are: 


from (25): diem (8051) /10 (29) 
from (3) and (29): we (— ee (i) 90^? (30) 
from (27): a= (30—i)/10 (31) 
from (28): b= R/10 (32) 

(33) 


30—i 


irom (31) and (32): Я 


сіз 


CURVE 
of x the first step in fitting the Gompertz curve to the observed get 
measu 1 of the 48 adolescents, we plotted the longitudinal series of xa 
len hae of the boy or girl on a graph similar to fig. 1, es e 
wi h in em represented by Y, and the age in months represented у 2, 
totes Y" 0) at birth. Suitable levels for the upper and lower ra 
bua: the S-shaped adolescent growth curve were then located by 
== ion from the pattern of the plotted points. The upper зрна 
554. + К) was not difficult, because these boys and girls gs pi 
Ware it in length, according to our measurements, tore ihe cur 3 
alf с ted. We merely used the apparent «geiling” to the neare 
asym a аз the approximate upper asymptote of the curve. The € 
as "a E (Y —d) was not always so easily located. In some ui 
Very ob е boy in fig. 1, the take-off of the S-shaped growth cycle с” 5 
Tor th vious, and there was no difficulty in estimating 2 um x 
hein lower asymptote. In other cases, 35 for the girl in fig. 1, 
ing of the S-shaped cycle was not $0 well defi 


METHOD OF FITTING THE 


ned. In such а case 
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it was sometimes necessary to try several different estimates for the level j 
of the lower asymptote and select the one which gave the best fit. . L4. 
Having decided on the levels for the asymptotes, we could determine, 4 
for any point, {һе Gompertz curve ordinate (y — Y — d), and we had | 
our value for the constant K, which is the vertical distance between the 
asymptotes. We then selected 10 or 12 of the plotted observed points 
along the course of the S-shaped growth cycle, to be used for calculating 
the curve. We did not use, for the calculation, points lying close to 
either of the asymptotes, because a small error in an observed point near | 
the asymptote involves a disproportionately large error in the corre- | 
sponding log, and can eause undue distortion of the calculated straight ] 
line. Also, if one observed point appeared to deviate markedly from the | 
general trend of the points, we would omit that particular point from 
the caleulation. 
For each of the selected observed points we calculated the percentage 
100y/K and then obtained from the Courtis table the corresponding 
isochron value, I. Тһе Series of values of I, when plotted against 
corresponding values of z, lie approximately in a straight line, if suitable 
levels for the asymptotes of the curve have been chosen. If these values 
of I do not appear to make a Straight line, it is an indication that & 
different asymptote should be iried. Тһе isochronic straight line (26), 
І--і-- Rr, was fitted through the series of values of I by means of 
the method of least Squares. The calculated constants, i and R, were р 
then converted by (31) and (32) to equivalent constants, а and Б, for | 
stating the Gompertz curve in its exponential form. 


In order to draw the S-shaped exponential curve, we calculated the 
tsochron value, I. 


good curve, and then converted each 
percentage 100y/K by means of the C 
known, it was easy to obtain first у, 
of the calculated points. 

lated (2, Y) points with t 
the first derivative curve were obtained b 


N 


y substituting in equation (5) 
т). The abscissa and ordinate 


реше Gompertz curve were determined by 
substituting in (10) and (11), Tespectively. The two points of inflec- 


tion of the first derivative curve were located by substituting in (16) 
and (18) and in (19) and (21). Тһе maximum point of the first 
derivative curve was located by substituting in (10) and (12). 


p 


. already attained by the boy or girl at t 


мамы ынан мі лл Pl. 
ep 
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| For those who may be interested, a complete sample calculation of a 
Gompertz curve and its first derivative cure is appended at the end of 
this paper together with a calculation of points. 


DISCUSSION OF FINDINGS 


inflection of the 48 


The various constants, asymptotes, and points of 
us a useful 


calculated Gompertz curves and first derivative curves give 
means of studying the typical pattern of growth in length during the 
adolescent growth cycle and the relation of certain physiological events 
ү the pattern of the growth cycle. (See figs. 2 and 3.) They also 
give us a means of comparing or ranking individual boys or girls with 
respect to certain aspects of their pattern of growth, and a means of 
investigating sex differenees in growth during the adolescent cycle. 
Mean values and standard deviations for the constants, asymptotes, 
and points of inflection are listed in table 1. For all of these constants 
aind landmarks of the fitted curves we find а considerable range of 
individual variation among the 24 boys and among the 24 girls of our 
Broup, and also some overlapping of the two sexes. However, as can 
be seen in table 3, we find strikingly significant sex differences, both 
With respect to magnitude of the constants and asymptotes and with 


respect to timing of the points of inflection of the curves. 


Sex differences with respect to magnitude of the constants and asymptotes. 


The lower asymptote (Y = 0), which corresponds to the length 
he time of starting on the S- 
узы adoleseent growth cycle, shows 8 significant 9 cm difference 
% iron the girls’ mean of 141 ст and the boys’ mean of 150cm. This 
ы ene S or the girls to be shorter at start of the adolescent d is 
th Surprising, because they tend also to be significantly younger than 
е boys, by about 1} to 2 years, at the time of starting оп the new 
Cycle. (See fig. 1.) 3 
n upper asymptote (Y —d--K), which corres a 
me of the individual, shows a still greater difference between the 
e of 169 ст and the boys’ mean of 1893 cm. 
wae constant K, representing the total gain in 
the = growth cycle, shows a significant 5.3 cm 
Skee 8” mean gain of 28.1cm and the boys’ mean 
typical larger gain of the boy is illustrated by fig. 1 9" 


ponds to the adult 
girls’ 


length during the 
difference between 
gain of 83.4 ст. 
d by 8 
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TABLE 3 


Significant sez differences associated with the Gompertz curve for adolescent cycle 
of growth in length and its first derivative—48 adolescents 


DIFFERENCE 
MEANS FOR MEANS FOR BETWEEN SIGNIFICANCE 
24 GIRLS 24 Boys MEANS t 
r asymptote (Y —d) 
ез рім (Dength at start 140.8125 149.9375 9.1250 6.172 < 0.001 
of cycle) 
Upper asymptote 
ve d F 2) in em 168.908 183.350 14.442 9.013 < 0.001 
(Adult length) - 
Constant K in em 28.0875 33.4125 5.3250 4.899 < 0.0 


(Length gained during 
adolescent cycle) 


Rate-constant b in 


T-units per month 0.0730208 0.0054025 0.0081583 4.107 < 0.001 
Growth pattern " 
index 1000/5 0.208792 0.198875 0.009917 5.295 < 0.0 


Age in mos, at point of 
infleetion of Gompertz 
curve (2 = a/b) 130.956 161.295 
Age in mos. at 1st point 

of inflection of 1st 

derivative curve 123.734 
Age in mos. at 2nd point 
of inflection of 1st 
derivative curve 
Interval in mos, between 
point of maximum rate 
and Ist or 2nd point of 
inflection of derivative 13.2208 
(= +1/b (0.9625) ) 

Age in mos. for 1st obs. 

point on Gompertz curve 119.750 140.1250 20.375 6.313 < 0.001 
Age in mos, for 1st obs, 

of secondary sex devel. | 121.025 142.107 20.542 6.083 « 0.001 
Age in mos. when X-ray 

shows fusion of capi- 142.389 180.900 38.511 11.759 « 0.001 
tellum of humerus (N = 18) (N — 20) 

Interval in mos. from 

point of inflection of 

Gompertz curve to fusion 7.2778 
capitellum of humerus (№ = 18) 


24.339 7.581 < 0.001 
146.500 22.766 7.075 < 0.001 


150.1725 176.0904 25.9179 7.985 < 0.001 


+147950 1.5742 4.173 « 0.001 


17.6400 10.3622 6.534 < 0.001 
(№ = 20) 
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compari 3 
in fe. d curve shown in fig. 3 and the boy's curve shown 
DM Pedes "| does the actual magnitude of K tend to be greater 
for the ten diem or the girls, but there is also a signifieant tendency 
somewhat iiia " of total adult length that is contributed by К to be 
16.6% of adult т in the boys. 'Тһе mean value of this proportion is 
for significance eer for our girls, and 18.2% for our boys. By t-test 
The acount difference t = 2.731; P is approximately 0.008. 
constant й gg b also shows а significant sex difference. This 
Proportion y/K Е mie (Courtis T-units per month) at which the 
dual's consta t шотеш {о equal powers of itself. It is the indivi- 
S-shaped кто inherent rate of progress toward completion of the 
Constant Disks ea cycle. The total range of individual variation for this 
ifference in йы But within this range there is а very significant 
ж. fr ШЕ hn. of a more rapid inherent rate of progress for the girls 
us 
adolescent ¢ Е that the typical male pattern of growth during the 
comparatively e is characterized by а large total gain in length and а 
typical ae slow rate of progress in completing the cycle, while the 
and a more = pattern is characterized by а smaller total gain in length 
^ seule „габы ы of progress in completing the cycle. 
ual, and for index for describing the growth pattern of an indivi- 
comparing or ranking individuals with respect to growth 


Pattern. ; 
sas Ё Š 
^! err UM b/K, which, like b and К, shows a significant 
», the smaller values of this index being % 
0b/K the 


an, th 
e great ^ 
me ater values typical for the gii. 28 th 


ter than the mean jndex 


Only one boy has an index grea 
Пег than the mean for 


girls; 

oe ; and only one girl has an index sma 
he 

b Te а 

“ееп Шы 2. to be some relation, at least for the boys of our group. 
е individ owth pattern index 100b/K and the general body build 

ро © nude ris particularly with reference to androgyny. А study 

ag otographs of these boys at 18 to 21 years reveals a pre- 


erance й 
т зы Р т ally andric appearing boys am ose having the 
(les °тапсе of dpa male) values of the index 
trati typically н iege: appearing boys among those having the greater 
ес On of this ale) values of the index 1000/K. Fig. 6 is ал illus- 
эө. - The two boys whose photographs are shown Were selected 
drie (А) and the Jeast 


ey i 
impresed us as being the most an 


the p 
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andric (B) of the 24 boys of the group. Our evaluation of the androgyny 
status was based mainly on the criteria of Bayley and Bayer, as quoted 
by Shuttleworth (49). In the photographs of (A) note the general 
leanness of body surface, with muscles and bony prominences clearly 


195 


12.86 + 1.013 x 
= 0.933 


155 


AGE (IN MONTHS) OF MENARCHE 
w 
a 


115 
15 
AGE (IN 


135 155 
| 175 
MONTHS) оғ INFLECTION POINT 
Fio. 5. р онен OF CLOSE CORRELATION or AGE or MENARCHE IN 24 
= AGE AT POINT оғ Maximum Rate ОЕ GnowTH А8 
NTED BY POINT OF INFLECTION OF CALCULATED GOMPERTZ 
CunvE ron Gnow 


Ти IN LENGTH OF THE SAME 24 GIRLS. 
outlined beneath the skin ; Wide, museular 
waistline inconspicuous and relatively low on the trunk ; tight, muscular 
buttocks with deep concavities; | 


lower extremities relatively long in 
s \ l 3 £ y lon 
proportion to total body height; thin, straight-sided thighs with an open 


shoulder girdle; narrow hips; 
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Space betwee А 
i weisen тенен bulging calf muscles on inner side of leg. In the 
Muscles and ro : note the general softness of body онаи with 
" proportion ете obscured by subcutaneous fat; hips wider 
higher ме я E ers; waistline more noticeable and relatively 
avitv: lower extre 3 = t. cushion-like buttocks with very little con- 
Wide, funnel-st mities relatively short in proportion to total height ; 
shaped thighs with no space between them; less ulate 


of calf 
muscles а 
хо тох] l 
n inner side of leg and greater curvature on outer side 
anked from the smallest to 


of leg Ww 
the ы the 24 boys of our group are t 
òst value 1 
alue of the growth pattern index 1005, А. we find that 


(A) ra 
nks 4th in s қ 
in smallness of this index (very typically male) and that 
e only boy with 


(В) ranks 2 

ап emi LA typically male). being also th 

| A study of ian the mean index for girls of our group. 

алу suc р the photographs of the girls of our group did not reveal 

index e between the growth pattern 
seem to һе less 


h striki 
strik zi r 
simo ad example of correspondent 
Я androavny st: ” 4 oe 
clear-cut for шуну SANE Phe relation. if апу. would 
the wirls than for the boys 
Sap i ET 
v difer 
Ferences with res "ИР " А қ 
ith respect lo timing of the points of inflection of the 


curves, 


r 
Phe С 
NS point of intlecti . А 
TOUslY тесаға l nilection of the S-shaped growth curves has been 
. garded as i a B у 
as important ог unimportant by different research 


Work 

kers j 

; s in the fi 

of | w field of grow А à : sic 

ў Maximun d ol growth, Extremes 1n attitude toward this point 
n М 
ШЕ vd on the one hand by Wey- 

hand by Brody (1). 


curve sucess- 


cT" 
Мей. of growth are exemplitic 
in, and Rich. (31) and on the other 


"Ушош} 

ў 1. MeMilli | 

ШІУ to the Millin, and Rich, who applied the Gompertz 
clams. ах well as to Donaldson's 


dat 
ieve that the point of inflection 
of the nature of ап artifact, 


wit] 
! no bi 
; Nologi А 
gical s i x 
al significance. and that the curve of the relative rate— 
ogression with 


wii. 7 
growth in length of razor 


а Тор 
Т grow 

Y с 

К wth of the rat in weight. bel 


Хөх L3 M 4 
ponentially in a continuous smooth pr 
gnificant than either the Gom- 


as represented by 
үнін the point of 
ı significant 


ho Point of 
ne Curve 
the first 
ШҮ 
boing н 


“. much more > 
derivative ds curve of the absolute rate 

. Brody. on the other hand. reg 
animals as ? 
eves that this 
and animals. 


of 
or ee of both man and 
is жк ане individuals or of species. 
the пай. related to puberty in both 
пау: ^de Shuttleworth (39). with 
Study. and of Tanner (or). with data 


Poir 

n А 

and beli 
man 


data from the 


М ШЕК 
from the 


аа q 


Кы. б. Boy (А) wira ТүрІСА Y Mate Скоти PATTERN INpEN B/W AND 


TYPICALLY MALE INDEN ВИК. COMPARE 


ANDROGYNY STATUS OF THE 2 Boys. 


Boy (B) wird LEAST 


Anterior views are at 18N 19 Years. posterior views at 2] years, 
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Harpenden Growth Study. as well as the work of іы E per 
(43). with data from the Brush Foundation Series. sad x : A 
work of Boas (32). with children from various New York se 100 : К Т 
point to a significant relationship between timing of the vear of з 
mum increment in stature (which is at least closely related w padia 
of the point of inflection of the growth curve) and various other — 
of the individual's growth and development, including sexual niiturátio А 

At the Child Research Council we find the point of intlection of oie 
growth curve a meaningful and useful landmark. both for rauking la 
or girls from the standpoint of early or late maturing and Pup шч i 
gating relations with other aspects of growth. Our group of 48 adoles- 
cents shows a significant sex difference of about two vears between the 
girls’ mean age at point of inflection of the Gompertz curve for growth 
in length and the boys! mean age at this point. the girls 
not quite 137 months (11 yrs. 5 mos. 
more than 161 months (13 yr 


` mean age being 
) and the boys? mean beiug a little 
5 mox). ‘The mean ages for our boys 
and girls at this point of maximum absolute rate of growth are а year 
younger than the mean ages at * maximum growth " reported by Shuttle- 


worth (739) for 747 girls and 711 boys from the Harvard Growth Study. 
Shuttleworth. however, 


is not actually dealing with maximum rate of 
growth, as represented by the derivative 


the maximum increment 
takes his “ 


at one particular point. but with 
achieved during an entire year. Since he 
age of maximum growth " at the end of the year of greatest 
gain, we should expect the point of inflection to be somewhere about 
the middle of th: 


at year and several months earlier than MG-age of 
Shuttleworth. Even allowing for this difference, however, the mean ages 
for our small group, at the point of maximum rate of growth, would 
appear to be somewhat Younger than Shuttleworth's findings would lead 
us to expect. 
We find significant sex differences, also, for 
points of inflection of the first de 
3. the sex difference for th 


age at each of the two 
As сай be seen in table 
e first point of inflection of the derivative 
curve is somewhat less than the difference for the point of maximum 
rate, and the difference for the second point. of 
the difference for the 


rivative eurve, 


inflection is greater than 
ix а result of the sex 
in the rate-constant b. which, as time 


advancement of the girl and increasing 
retardation of the boy. with respect to the 


proportion of the total adoles- 
cent growth cycle that has been completed at a. given 


maximum point. This 
difference, already mentioned, 


goes on. makes for increasing 


time. 
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We find still another significant sex difference in the time interval 
Берен the point of maximum rate and either of the two points of 
inflection of the derivative curve. This, too, is à result of the sex 
difference in the constant b, since the time interval is equal to == 1/0 
(0.9625), as shown under the general description of the Gompertz curve 
and its derivative curve. The typical difference in shape of the deriva- 
на curves of the boy and the girl, which results from sex difference 
s the time interval between maximum point and inflection points, is 
Strikingly illustrated by the wide derivative curve of the boy shown in 
fig. 2 and the much narrower derivative curve of the girl shown in fig. 3. 
by The maximum rate of growth itself, in em per month, as represented 
У the derivative at the point of inflection of the Gompertz curve, does 
not show a significant sex difference for the 48 boys and girls of our 
Sroup, though the boys’ mean rate at the maximum point is slightly 
төте rapid than that ‘of the girls. This is due in part to the fact that 
не maximum rate depends on the produet of the constants 0 and K 
(dy/ dz —bKe at maximum point). This product neutralizes the sex 
ifferences for the individual constants, since К tends to be significantly 
Steater for the boys while b tends to be significantly smaller for the boys. 
The failure of our boys and girls to show а significant sex difference 
Maximum rate of growth attained might seem surprising in view of 
Saar of Shuttleworth (39) and of Tanner (251), in ү ү, 
а “peak velocity” of growth in height for boys oe 
on eS has been pointed out, both Shuttleworth and a A 
0 ing with maximum increment for an entire year—not with ve ? ч 
и. which is in a state of continual change from bee 2 
"чети throughout the year. Our boys do show a grea -- Ma 
y the а our girls, for the adolescent cycle as 2 emi ye 
ап Sex difference in the value'of the constant K. вш the c m 
Smg rate at which they are achieving that gam may or may 


те: | 
idis higher point, at any time, than the maximum es is e 
Curve we by а girl's rate. This, too, is illustrated by the ins wenn 
girl Nh 2 and the girl’s derivative curve in fig. 3. m ^ ж 
ade а much smaller gain in length during her adolescent 810 

tained, for à brief time, 


m 
th 


°Yele than ü 4 
А ле gain made by the boy, but she at i 
же rapid rate of gain e was ever attained by the boy. he 
is ^ = boy, as is typical, maintained a rate of gain somew ET c 
Possibly тш rate over a considerably longer period of e Met 
тара ° for the girl, due to the girl's greater jnherent urge ү 
completion of the growth cycle, аз represented by the cons 
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Timing of certain physiological events in the 48 adolescent boys and girls. 


Means and standard deviations for timing of certain epe 
events in these boys and girls, and for the relation of these events p^ "€ 
landmarks of the calculated growth curves, are listed in table 2. a 
again, as would be expected, we find some significant sex differences, 

i re listed in table 3. 
hi age at which any boy or girl reached a length equivalent to he 
lower asymptote of the Gompertz curve and started on the new deae 
growth cycle cannot be known exactly, because these boys and girl 
were measured not oftener than once in three months. А crude approxi- 
mation, usually somewhat too high, is the age when the plotted observed 
length of the individual first appears to lie approximately on the E: 
Shaped curve. (See the various locations of this first observed poin 
on the curves shown in figs. 1 and 4.) Mean age for the first observed 
point on the adolescent curve is approximately 120 months (10 years) 
for the girls and 140 months (11 yrs. 8 mos.) for the boys, with a signifi- 
cant 20 months difference between the means. 

Usually within a few mon 
on the adolescent сигу 
Observation, by the pe 


dary sex development in the boy or girl. 


nd recording the very earliest 
d in their criteria for stating 


е reported by Tanner (751) m 
dy. Nor do we have “ close-up 
he boys, such as are shown in the 
The first secondary sex sign to 
ually been, for the boys, the appearance 
Penis, and for the girls, the beginning 
ing of this first recorded observation 18 


pictorial atlas of Shuttleworth (49). 
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Observation of secondary sex development shows a wide range of indivi- 
dual variation, especially for the boys; but the mean interval, for both 
Sexes, is approximately two months after the first observed point on the 
Erowth curve. Nine of the 24 boys and 9 of the 24 girls had the 
first observation of secondary sex development before the first observed 
length point on the growth curve, while 15 had the first observation of 
Secondary sex development later than, or synchronous with, the first 
Observed length point on the growth curve. ] 
_ Tn many cases we find the SS point very close to the first point of 
inflection of the derivative curve, as is illustrated by figs. 2 and 3. It 
may be either before or after the first point of inflection, the mean time 
for the 88 point being about two months before the first point of inflec- 
tion for the girls and about 4 months before the first point of inflection 
for the boys. 
dn all 48 boys and girls the SS point is several months before the 
Point of maximum rate of growth in length, as represented by the point 
of inflection of the бана curve. "The mean time for the 58 рош Я 
about 15 months before the point of maximum rate for the girls an 
about 193 months before the point of maximum rate for the ae 
Another physiological event which is of interest in one u 
° Pattern of growth in length during the adolescent cycle is the Me 
^ the capitellum of the humerus. This is the first long-bone epip Mich 
9 Close, and in the absence of data for the complete skeletal age (W х 
We do not have for the older boys and girls of the Child Research ru 
| Sind it serves as a useful landmark of skeletal maturation. s pol 
* time of fusion of the capitellum for 20 boys and 18 дир Es 
Eroup of 4g adolescents, based on X-ray films taken every is i 
м à very striking sex difference, with no eres es s 
m Mean age of capitellum fusion is à little more t ^ ser 
or e 10 mos.) for the 18 girls and about 181 months ( HE A. 
bets, 16 20 boys, with a significant difference of more than th din 
: БЕДІ the means, There is also an interesting sex difference Б аза 
Usion of the capitellum with relation to the growth curve. "f 


Oys and girls we find the fusion oceurring at some time al, 

аі rate of growth, but the interval is significantly i VERD 
аңы, 25 than for the girls. “The girls’ mean interval is abou the point 
* point of maximum rate of growth, as represented by a ta 
ction of the Gompertz curve, while the mean interval ie IND 
ut 173 months after the point of maximum rate of growl. 


oe infle 
18 abo 
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interesting to note that the rate of growth in length has slowed down 
considerably, especially for the boys, before any long-bone epiphysis is 
closed, rather than being slowed as a result of closure of the epiphyses. 
In many of our boys we find that the timing of capitellum fusion is 
close to the second point of inflection of the derivative curve, as is 
ilustrated by fig. 2, the mean interval for the 20 boys being not quite 
three months after the second point of inflection. In 14 boys the fusion 
follows after the second point of inflection, and in 6 boys it precedes 
this point. The girls, on the other hand, show fusion of the eapitellum 
before the second point of inflection in all but two cases; and their 
mean interval for fusion is 6 months before the second point of inflection. 
Тһе typieal sex difference in timing of eapitellum fusion with relation 
to the growth cycle is illustrated by figs. 2 and 3, where fusion is indi- 
cated by the letter C. The relation of fusion of the capitellum to the 
adolescent cycle of growth in length will be discussed further under 
correlations, ina subsequent section of this paper. 
оин Sei of menarche in the girls of this group is, without excep- 
; & number of months after the point of maximum rate of growth, 
as represented by the point of inflection of the Gompertz curve. This 
18 Ш general agreement with findings reported in the literature, for 
example by Simmons and Greulich (^43), for timing of menarche in 
relation to the year of maximum increment of standing height. The 
mean age of menarche for our 24. girls is 151.6 months (not quite 12 yrs. 


8 mos.). The mean interval f 
val for menarche after t} i ximum 
rate of growth, as represented by ge ie Ар ii 


the poi i i 
curve, is between 14 and 15 ionika e a 
rather close correspondence between timing of menarche ben "a second 
point of inflection of the derivative curve. Twenty of the 24 girls 
(833% ) have menarche within 6 months before or after the second 
point of inflection. Mean interval for the 24 girls is 1.4 months after 
the second point of inflection, The timing of —A for the girl 
whose growth eurve is shown in fig. 3 is indicated by the letter M. It 
will be noted that i |, her rate of growth has slowed down 


a 
discussed further under correlati 


Correlations. 


Some correlation coefficients that are of interest in connection with 
the calculated Gompertz curves are listed in tables 4 and 5 
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TN Denim involving the constants and asymptotes of the curves 
callin }+ Ав would be expected, we find, for each sex, a significant 
be correlation (0.756 for the 24 girls and 0.736 for the 24 boys) 

ween adult length, as represented by the upper asymptote, (d+ К), 


TABLE 4 


"и x ч 
Correlation coefficients involving the constants and asymptotes 


BOYS 
95% Limits of 
confidence 
(z-transtormation) 


GIRLS 
95% Limits of 
7o Du 
CORREL . confidence. 
ATION r (z-transformation) r 


ey © НЕ 
0.379 


d(d 
(9+0) 0.756 Грот 0.736 foars 
ак і 

K —0.193 Not sig. 


0.889 
0.511 


—0.306 Not sig. 


109+ K) 0.876 T 0.758 


Lala > 
"(4+ к) 0.736 lors --- cm 


Tuld + К) ы 0.447 


К (а ч 
+K) 0.391 Not sig. 0.542 
ДС 
ш) —0.133 Not sig. —0435 | 0,038 


- 
к f —0.720 —0.553 


» —0.447 m 
Cn 0.752 
R 0.157 Not sig. 0.500 { 0.121 


Canin 
9 Of symbols used: 
т = 


И Correlation coefficient. 
= length at start of adolescent growth cycle 


= length gained during adolescent growth cycle. 
and 14 years. 


(lower asymptote of curve). 


L = le 
length at specified ages, 8 years, 12 years, 


к = rate-constant, 
ВВ z Browth pattern index. 
Not, sig = body build index at 18 to 19 years. le of 24 
i ple of 24. 


= not significantly different from zero, by t-test for а sam 


and | 
by Шыг at the start of the adolescent growth cycle, as represented 
less striking than might 
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the tendeney, which we also find (see table 5) for the later maturing 
boys and girls to make a smaller gain in length during the adolescent 
cycle than the earlier maturing boys and girls. Even apart from dif- 
ferences in age at time of starting on the new cycle, we find that the 
individuals who have attained the greatest length before the start of the 
cycle are not necessarily the ones who achieve the greatest gain during 
the adolescent cycle itself. For neither the boys nor the girls of our 
group did we obtain a significant correlation between the adolescent gain, 
K, and length at time of starting on the adolescent cycle, as represented 
by the lower asymptote, d. Moreover, the small correlations which we 
did obtain are in a negative rather than a positive relation. 

Our correlation between adult length (d+ К) and length at start 
of the adolescent cycle does not, of course, imply any specific age. For 
purposes of comparison we also caleulated, for each sex, the correlation 
between adult length (4--К) and the observed length of the same 
individuals at two specific ages—8 years and 12 years for the girls and 
8 years and 14 years for the boys. The correlations with length at 8 
years are somewhat better than our correlations with length at start of 
the adolescent cycle, as represented by d. Іп contrast to this, the cor- 
relation with length at 12 years for the girls and the correlation with 
length at 14 years for the boys are less good than either the correlation 
with length at 8 years or the correlation with length at start of the cycle; 
as represented by d. Fig. 4 is a good illustration of the temporary 
distortion of relative position of individuals in a group, which may be 
caused by differences in timing and intensity of growth during the 
adolescent cycle, and whieh would lead us to expect a better correlation 
between adult length and length of these girls at 8 years than we woul 
expect between adult length and length of the same girls at 12 years 
Our better correlations with length at 8 years than with length at 1? 
years and 14 years are in general agreement with reports in the literature 
on correlations between adult standing height and height at various 
specife ages, for example by Shuttleworth (739), with several hundre 
boys and girls from the Harvard Growth Study, and by Tuddenham 
and Snyder (754), with 70 girls and 66 boys from the Californi? 
Guidance Study. 

For the relation between adult length (d+ K) and gain during the 
adolescent cycle, as represented by K, we find a weak but significa” 
positive correlation (0.542) for the 24 boys, but only a suggestive 
positive correlation (0.391) for the girls. The better correlation 107 
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TABLE 5 


orrelation coefficients involving timing of point of mazimum rate of growth 


GIRLS BOYS 
95% Limits of 95% Limits of 
con confidence confidence 
RELATION r (z-transtormation ) г (z-transformation) 
a/b Max таб —0.884 = f —0.809 
m. —0.490 0:505. — Ded 
a/b K РЕ —0.873 f—0.705 
=ч (егін T3010 0005 
Mb 0.031 Not sig. --0.185 Not sig. 
^5 (4 4-.) —0.161 Not sig. 0.113 Not sig. 
вл —0.489 { c — 0.331 Not sig. 
—M. і 
eee —0.098 Not sig. 0.037 Not sig. 
a/b 58 " 0.902 А {0.780 
0.784 { gong 0.558 | 0199 
Pt 88 0.872 " f 0.752 
» 0.723 { 0451 0.500 10.121 
бар 0.925 0.972 0.862 (0.944 
(N = 18) trn (2 = 20) 10.678 


4/5 Men 0.971 pue 


то of symbols used: 
ч = correlation coefficient. А а 22 бе 
= че ү; point of maximum rate of growth (abscissa of point of inflec 
ion). 
e = maximum absolute rate of growth (dy/dx at point of inflection). 
= length gained during adolescent growth cycle. 
(d + = rate-constant. 
) — adult length (upper asymptote of curve). 
EX Observed length at 8 years. 
gg _ 00У build index at 18 to 19 years. : 
Pt - age of first recorded observation of secondary sex development. 
ap ES first observed point on S-shaped adolescent growth curve. 
Men E age when X-ray first shows fusion of capitellum of humerus. 
Not sip 256 of menarche in the girls. 


E: = not significantly different from zero, by t-test for a sample of 24. 
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the boys may be partly due to the fact that, as already noted under sex 
differences, the adolescent gain, K, contributes a greater proportion of 
the total adult length for the boys than it contributes for the girls. 

Our correlation between adult length (4 4- K) and the rate-constant 
b is in the negative direction and is even weaker than the correlation 
between adult length and the constant K, being of only borderline 
significance for the boys and not signifieant for the girls. 

We find a weak but significant negative correlation between the 
constant K and the constant b, showing some tendency for a greater 
total gain in length during the adolescent cycle to be associated with à 
less rapid rate of progress in completing the cycle. 

Since the photographs of our boys had shown some very suggestive 
evidence of a relationship between the growth pattern index 100b/K 
and the general body build, we wanted to try a correlation between this 
index and some sort of index that would be an expression of the body 
build. The boys and girls of the Child Research Council series have 
never been classified according to Sheldon’s somatotypes, so we could 
not use the somatotype status for correlations. We did, however, use 8 
composite index of body build, made up from indices which were avail- 
for the boys and girls of our group. "This body build index consists 
ira yemas of relative sitting height and weight-height index, divided 
te enc pth nigh rae fri cme 
hipped person; in other nr кедда, relatively heavy, and ed 
pH qe i^ c» spen к, а person with a generally gynie build. 
ж lone Акыл 5 “олына to а relatively long-legged, re 
andric body 1 ld. ү other words, a person with a generally 
sex Pena ү: diri ока of our group show a signifies 
values of the body build inde ж less than 0.001) in favor of malle? 
obtained between this body build A boys. "The correlation which ye 
100b/K was significantly y 5010 index and the growth pattern in 

antly positive for the 24 boys, but disappointing!) 


weak (0.500). F ir n в 
not heated or our girls the correlation between the two indices * 


et po involving timing of point of maximum. rate of 
9 bod able 5): Some of the more interesting correlations which W° 
investigated were those which involved the timing of the point of ma 
mum rate of growth in these boys and girls, as у. resent i age at the 
point of inflection of the Gompertz curve бана) TUNE 


For the relation between age at the point of maximum rate of growth 
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in length and the maximum rate that is attained by the individual, we 
find a significant negative correlation (—0.746 for the 24 girls uni 
—0.603 for the 24 boys) showing a tendency for those who reach their 
maximum rate of growth at an early age to attain a more rapid 
maximum rate than those who reach this point at a later age. This is 
jo general agreement with reports in the literature by Shuttleworth 
(39), by Tanner (51), and by Simmons and Greulich (243), with 
respect to greater “intensity of growth” or a greater “peak velocity » 
for those individuals whose adolescent spurt occurs early. 
_ Вог the relation between age at the point of maximum rate of growth 
in length and the actual magnitude of the total adolescent gain in length, 
as represented by the constant K, we again find a significant negative 
Correlation (—0.725) for the girls of our group; but for our boys this 
negative correlation is of only borderline significance. | 
ecd neither our boys nor our girls do we find any significant gius 
n Or age at the point of maximum rate of growth and the value о: 
Пе rate-constant b. Nor do we find any correlation between age at the 
ra maximum rate of growth and the adult length attained by the 
E ыш, the early maturing individuals (from this и. 
аї Wing no tendency to be either taller or shorter as adults than the 
E maturing individuals. 
CONI ig in the literature had led us to expect а $ 
неке re between age at the poin AK ЕТ 
hat Pes length of the individual at the age of 8 years; In 0 О : м 
Teac] d children whose length at 8 years was greater would en s 
med std adolescent spurt at an earlier age. We did obtain (i im 
ünd ANUS but they are disappointingly weak (—0.489 for our 24 gir 
жш which is not significant, for our boys). y editi 
e Ern had some expectation of finding а poner wr 
uilq ind 5° at the point of maximum growth and the in Pet) aad d 
‘ndings "d especially in view of the report of wr H ms 
Maturing 5 other authors quoted by Tanner, to the Т йл». 
tively ғ individuals tend to be less linear or ectomorp Ик 
Ore orter legs and wider hips, and to be generally less & oe 
5 Жы Упіе than the later maturing individuals. However, for nei E 
betwee S nor the boys of our group do we find any correlation Mew 
pw Our body build index and age at the point of maximum rate 
wth. 
и best correlations are those associated with timing of point of 


ignificant negative 


t of maximum rate of growth and the 
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maximum rate of growth and timing of certain physiological events in 
these boys and girls. The correlation between age at point of maximum 
growth and age of the first recorded sign of secondary sex development 
is significantly positive (0.784 for the girls and 0.558 for the boys)- 
Тһе poorer correlation for the boys is, we believe, largely due to greater 
inaccuracy of our records of the SS age for the boys. Our correlations 
between first sign of secondary sex development and first observed length 
point on the adolescent growth curve are essentially the same as the 
correlations between point of maximum rate of growth and first sign 


of secondary sex development—again considerably better for our girls 
than for our boys. 


t 


Our correlations between age at point of maximum rate of growth | 
and fusion of the capitellum of the humerus (the first long-bone ері- 


physis to close) are good for both the girls (0.925) and the boys (0.862). 

Best of all is our correlation between age at point of maximum rate 
of growth and age of the girl at menarche (0.933). We would, of course, 
expect a significant correlation with menarcheal age, in view of the 
reports by Shuttleworth (39), by Simmons and Greulich (243), and 
by Tanner (51). But we were delighted to find our own correlation 
as good as it is. It strengthens our faith in the validity of the calcu- 
lated Gompertz curves as a description of the growth pattern of indivi- 
dual adolescents. (See fig. 5 for calculated regression line and observed 
age points for the relation between menarcheal age and age at point of 
maximum rate of growth, as represented by the point of inflection of 
the calculated Gompertz curve, for the 94 givls of our group.) 


SUMMARY 


The Gompertz equation Y == d + Ке-ез has been fitted to observed 
length during the adolescent growth cycle of 48 individual boys and girls. 

The constants, asymptotes, and points of inflection of the calculate 
Gompertz curves give us useful tools for studying the typical patte? 
of growth during the adolescent cycle, for investigating individual dif- 
ferences and sex differences in pattern of growth, and for investigating 
the timing of certain physiological events in relation to the pattern 0 
the growth cycle. 

We find significant sex differences in the value of the constants К 
and b; in the level of the lower and upper asymptotes of the curve; in 
the timing of the point of maximum rate of growth, as represented M 
the derivative at the point of inflection of the Gompertz curve; in the 


| 
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timi x 
p eii points of inflection of the first derivative curve; in the 
salts id Ps un Physiological events that appear to be related to the 
individuals. e growth cycle; and in the body build index of these 
TM 

the Бы са; т we find significant correlations between several of 
point of maxi anc asymptotes of the curve; between the timing of the 
tion of the aces rate of growth, as represented by the point of inflec- 
the first віру yr curve, and timing of physiological events such as 
bone БОТЫ, secondary sex development, the closure of the first long- 
біліне of е and in girls the occurrence of the menarche; between 
that is Mid мен of maximum rate of growth and the maximum rate 
growth asd MEGS and between timing of the point of maximum rate of 
cycle, as re шашы of the total gain in length during the adolescent 

We ^w resented by the constant K. 
tiexinum re x significant correlation betwee 
and very Ss of growth and the adult length attained by the individual 
maximum We evidence of correlation between timing of the point of 
Тұзы» rate of growth and length of the individual at age 8 years. 
With the Cie of nude photographs, at least of the boys of our group, 
the eral pattern index 1000/K suggests а relationship between 
With refe = this index and body build of the individual, particularly 
index ТОО, nce to androgyny. But the actual correlation between the 
Years is qj vd and our body build index for these boys at age 18 to 19 

$ disappointingly weak. 
of 5 find no correlation between ou 
literature t Ж maximum rate of growth, \ val m 
о reach [Aw to expect a more gynic body ү E those чече А uals 
A обуу i point of maximum rate of grow В at an early age. 

Cycle of parison of our individual growth curves for the adolescent 
Ments B s in length with the trend of the averaged annual measure- 
averaged the same group of individuals brings out the inadequacy of 
measurements as a description of the growth of individuals 


lue: 
vng this age period. 


n timing of the point of 


r body build index and timing 
though various reports in the 


120 JEAN DEMING 


LITERATURE CITED 


BACKMAN, Gaston 1938 Drei Wachstumsfunktionen. Wilhelm Roux’ Archiv 
fur Entwicklungsmechanik der Organismen, 138: 37-58. 

Boas, Franz 1932 Studies in growth. Human Biol., 4: 307-350. 4 

Bropy, SAMUEL 1927 Growth Rates, Their Evaluation and Significance. Univ. 
of Missouri, Agr. Exp. Station, Res. Bull, 97. 

Courtis, S. A. 1932 Тһе Measurement of Growth, Brumfield and Brumfield, 

Ann Arbor, Mich. 

1937 What is a growth cycle? Growth, 1: 155-174. 

Gompertz, BENJAMIN 1825 Оп the nature of the function expressive of the law 
of human mortality. Phil. Trans, Royal Soc., 115: 513-585. 

Jenss, RACHEL M. AND Nancy BAYLEY 1937 А mathematical method for 
studying the growth of a child. Human Biol., 9: 550-503. 

MERRELL, MARGARET 1931 Тһе relationship of individual growth to average 
growth. Human Biol., 3: 37-70. 


PALMER, CARROL E. 1932 Тһе relationship of erect body length to supine body 
length. Human Biol., 4: 262-271. 


PEARL, RAYMOND 1925 Тһе Biology of Population Growth. New York, Alfred 
Knopf. 


PEARL, К. AND L. J. REED 1925 Skew growth curves, Proc. Nat, Acad. Sci» 
11: 16-22. 


ROBERTSON, T. BnAILSFORD 1923 Тһе Chemical Basis of Growth and Senescence 


(Monogr. Exp. Biol.) Lippincott, Philadelphia, 3 
Зпоттьвуовтн, FRANK К. 1939 Physical and Mental Growth of Girls and Boys 


Age 6 to 19 in Relation to Age at Maximum Growth. Monogr. Soc. Re? 
Child Developm., 4(). 


1949 The Adolescent Period—a Pictorial Atlas, 
Child Developm., 14(2). 


SIMMONS, KATHERINE AND W. W. GnEULICH 1943 Menarcheal age and the 
height, weight, and skeletal age of girls age 7 to 17 years. Jour. Рей» 
22: 518-548. 


Tanner, J. M. 1951 


Monogr. Soc. Res 


Growth of the human at the time of adolescence. Lecture? 
on Sci. Basis Med., 1: 308-363. 


TUDDENHAM, Reap D. anp MARGARET 
California boys and girls from b 
Child Developm., 1: 183-364. 


Wermourn, Г. W., Н. C. МоМпллх, ло W. Н. Rron 1031 Latitude #24 
relative growth of the razor clam, Jour. Exp. Biol., 8: 228-249. n 

Winsor, CHARLES P. 1932 The Gompertz curve as a growth curve. Proc. NES 
Acad. Sci., 18: 1-8, 


f 
M. SNYDER 1954 Physical growth ні 
irth to 18 years. Univ. of Calif. PU 


ADOLESCENT GROWTH CURVES 121 


APPENDIX 
SAMPLE CALCULATION OF GOMPERTZ CURVE AND FIRST DERIVATIVE 
CURVE USING COURTIS TABLE 
(This is the curve shown in fig. 3.) 
Observed upper asymptote (d+ К) = 156.5 em 


Estimated lower asymptote d = 129 cm 
Constant K 156.5 — 129 = 27.5 em 


Rs LDL M 7 
I 


AGE б Ү у= PERCENT 
LS (MOS.)  ons.rENGTI (см) Ұ--199см — 100y/K FROM COURTIS TABLE 
T 131.2 22 8.00 20.73 
120 1334 44 16.00 23.94 
a 135.0 6.0 21.82 25.79 
155 138.3 9.3 33.81 29.18 
A 140.6 11.6 42.18 31.48 
1% 145.4 164 59.04 30.00 
188 147.9 18.0 68.73 39.81 
144 151.2 22.3 80.73 45.42 
um 152.5 23.5 85.45 48.50 
mn 155.1 26.1 94.91 59.52 
Ee >. 
DN m 
pu of straight line, Z = i -++ Rez, by method of least squares: 
'—]10 
m Zo S 
. = +> = 1343 my => = 36.097 
8 “= В (m,)* = 13.6078 «e еш (tme 
Sum 
^f cross products: Sal = 50,071.30 
Zol 
Corre š —— т.т 59.3029 
ай i N _ 159.3029 _ 0,998427 
Оп coefficient: r= or 150.5538 
Slo: 
I Pe of calculated line: R = Zt = 0.852759 
Шеге Os 
7р5 аке агаи 


aleu кок 
> lateq Straight line: I= i + Re = —1843 + 0.8527592 


Ча] 
ent constants for exponential form of Gompertz curve: 
b = R/10 = 0.0852759 
а = (30 — i) /10 = 10.843 
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BOOK REVIEWS 


Dynamic 

Anthropometr i 

у y. Edited by Елп, W. Count. $ 

N. Y. Acad. Sci., 63, Art. 4, 1955. mud bd Gas 


These 2 Я 
Хеу ич pino. are the reeord of a two-day symposium held by the 
length and à ы of Sciences; they contain 16 papers of varying 
priately the Те attended by virtually no discussion. Most umm 
Photograph a oe eiut, more or less, with a charmingly oldfashioned 
ture entitled « Атеу "Thompson and ends with a rather reflective pic- 
gests the erie buttock pattern (seated) ” which strongly sug- 
Буйгат eat ee of an ectoplasmie owl. 

contributes an pod ount was in the chair at the symposium and he 
Subject an " inier whieh travels both wide and deep into the 
NS осанки ав кона biology. I cannot honestly feel, however, that 
to some conf BUR whole has followed him, and perhaps this was due 
the proceed; usion of thought as to its purpose. One wonders to whom 
tributor ado are addressed; with 16 papers read in two days no con- 
Попе of ihe to do more than sketch the outlines of his topic, and 
Professional Б is at а level which would inform the hardened 

е book to 5 ыт” anthropologist. The best audience to recommend 
Particularly ould be that of the senior anthropology student, perhaps, 
ollow up as the background for a seminar wherein the teacher could 
Pages, some of the many hares started, but not pursued, in these 
antly ambiguous air: 


The ti 

t " 

le, Dynamic Anthropometry, has а pleas 
1? After all, anthro- 


is it t 
le mer 
1 or Е ; 
or the measurements that are 1n motior 


Pomety ` 

y itself i 

ASpeots of 5. E a craft, a mere collection of methods for measuring 

“Search, e human. A book, or a series such as Methods in Medical 
Its similar to those 


he Н ш combined with tabulations of resu 
€ present book of Physiological Data, would be extre 
ка usati oe provided only that the methods were described 
°реа{ on in sufficient detail for anyone with proper training to 

. The methods would have to include the classical body 


Me 
asur 
ement; 
8 & б 2 à 
› the measurements used in kinematic anthropometry, body 
X-rays, measurements 


in ¢ 
mely useful at 


otogr | 
Of 5 = kae still and moving, measurements by 
У physica} s ves hair color, measurements of body tissue composition 
ip e üs aper means, and such other physical and chemical 
ematica] Pes not readily available from other sources. Certain 
niques peculiar to anthropometry ог developed par- 
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ticularly in its service should also be included. But clearly this sym- 
posium does not aim at being a handbook of anthropometric methods. 
At first, it seems, it is the measurements that are on the move ; latterly; 
after p. 553, the men. 

This last third is in some ways the most interesting portion of the 
book, in that the techniques for dealing with the quantification of move- 
ment in man are perhaps less well known than they should be. Elftman 
contributes а short and pithy introduction to the study of man's move- 
ment. He mentions for example, though he does not have time to 50 
into the really interesting problems: the type of build most suited 
anatomically to each type of athletic task, the effect of putting on fat 
on patterns of movement and the ways in which people of different body 
builds have their action patterns preconditioned by their shape. Demps- 
ter, in the next contribution, carries further the technical discussion of 
plotting movements, linkage systems, and joint ranges, and touches on 
the possibility of studying the effect of psychological states on habitual 
action patterns. We have the foundation here, perhaps, of a true investi- 
gation of postural symbolism and “language”; a study which woul 
bring the human biologist and the psychologist into even closer contact 
as they endeavor to pin down between them the elusive concept of the 
body image and its changes. Evans, in the same section, writes on the 
stress-coat technique for predicting the likely sites of fracture of bones; 
Abt introduces a peculiarly life-like and useful full-size model of a man 
with correct joint linkages and properly distributed weight, and Hertz- 
berg describes with skill and humor some problems encountered in human 
engineering, in partieular that perennial war-time problem ^ What 
happens to the buttocks when you sit on them?” Gumbril’s Patent 
Smallclothes appear at last in practical form on page 626—no longer; 
alas, the “delicious pneu? but only “dynamic inflatable cushion а 
indeed, they appear with complications Huxley never envisaged, but 
would doubtless have dealt with effectively, seeing they consist of 8 
continuous forty-second cycle of gluteal tumescence and detumescence- 
But then Gumbril never had to sit in chapel for 6-10 hours аба stretch, 
which is Dr. Herzberg’s target time. 

To return, however, to the first two-thirds of the book: here the 
designation “dynamic” is used, I suppose, figuratively, and in tbe 
hope that the subjects dealt with constitute the growing point of physical 
anthropology. Rashevsky considers plant and animal form from the 
point of view of engineering design; Brillouin contributes an intriguing 
note well caleulated to secure readers for books and discussions on infor- 
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mation Б 
some HAE o аы us applied do living organisms; Mainland has 
Honig nes ami in y sensible things to say about elementary statistics ; 
of the brain шырк to begin quantitative work оп the structure 
nique of DH gai are two papers that deal with the allometrie tech- 
has the et th data ; neither advances the subject much. Moss 
as in the oe е task of presenting in 8 pages data that he refers to 
which is venas ke two complete papers. It may be this condensation 
them, оо i | for his sweeping blandly without apparently noticing 
in detail | ы. a E пе difficulties of the allometrie technique, pointed out 
Kavanagh o" roll (54), Tanner (751) and above all Richards and 
remarks on bns Dr. Richards himself contributes, at p. 490, the wisest 
best “= же оше{гу {о һе found here. He also contributes one of the 
9f the biis e the book ; it covers, though, less thoroughly, the ground 
it sends а fe р chapter in D'Arey Thompson's Festschrift, and if 
to justity t № readers back to that fundamental paper, that is enough 
Mans ue symposium. 
about the heus some very pertinent 
able. for y chnieal precautions necessary for 
use in longitudinal studies of indiv 


and experienced remarks 
taking measurements suit- 
idual children; Garn dis- 


Cusse 
$ the + В 
е SE 5 
effective cs chnique of so-called pattern analysis with great clarity and 
Its user though not enough, I suspect, to convince biometricians of 
if more exacting, 


ulnes; Е е 
s when compared with more rigorous 


rig я 

оду ys techniques. Brozek has an excellent chapter on the study 

omposition by physical, chemical and anthropometric tech- 
e of approach, refresh- 


niques, į : 

Ingly Жз Which he compares the uses of each typ 

Problems з to be partisan, and argues for a combined attack on the 
eously a qs shape, size and composition by means of simul- 

S Pictures, tod caliper measurements, X-ray measurements, somato- 

m with n. densitometric and chemical dilution methods—a pro- 

7 ertain] т І am in total agreement. 

pue dun. his is a useful symposium at а work: 

his? ж cr Surely that must mean 80 

8 and s ішу new methods are mentioned, though scarcely paraded, 

Тапа орта oe older and relatively neglected ones, like the method of 

ed co-ordinates, are represented. But new techniques do not 


a 
. © anth 
e то / А Е Я s 
Ine pometry dynamie any more than the wide sereen makes the 

surements can 


Ma artic: 
ны fruitful Only by the use of the mea 
Nificance re earn for itself the title of this volume; only by the 518- 
Ang ; ° Из contribution to the general biological context of the дау. 
is respect it seems to me this book falls short of its title’s 


multiva 


typ 
Bra 
aday level. But 4у- 
mething more ihan 


126 BOOK REVIEWS 


promise. Where are the chapters describing the contributions of heredity 
and environment to the genesis of adult physique, the effect of culture 
and subeulture on the total fat, the place of physique in assortative 
mating in Western and Eastern cultures, the statistics describing we 
selection of physique by climate recently investigated by Schreider? 
Where are the descriptions of the mathematical techniques needed to 
place the data of physical anthropology once more in the forefront of 
genetical theory, this time through polygenic systems like those con- 
trolling stature? Where are methods of comparing the total growth 
curves of man and apes, man and man; for describing the effects of 
sickness, the secular changes, the usefulness as a sociological yardstick? 
I am aware this is unfair criticism; indeed, no criticism at all, since I 
am asking for a different symposium and a different book. I do so unre- 
pentantly; let us praise this one as useful in so far as it goes, but not 
think that it goes very far. Anthropometry is a technique; let us pub- 
lish a series of detailed descriptions so as to catalog our working tools: 
and let us separately, one day of courage, publish an account of what 
uses, in theory and practice, these techniques can be put to, an account 
of what the growing discipline of human biology has to offer in the 
attempt to understand man as part of nature. 


James M. TANNER 
Institute of Child Health, 


University of London 
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mates m . 
d ih. me. p longevity, marriage and divorce, each issue 
hue А Ta ea mere features a special topic of demographic 
taken in a Tarea E а b : <a edition is given to the population censuses 
1945-1954, and жел ез € throughout the world in the decade 
ж" returns ever желкесін) he most comprehensive compilation of 
ec 
ыны апа = data for the individual countries are given in con- 
tribution, size —aceording to age, sex, marital status, urban-rural dis- 
Of — ot locality, size of household, literacy, and labor force. 
Single years oP perez is table 11, which shows population figures by 
limited to thos age for each sex, But the statisties presented are not 
for example e ater have become available in the past decade. Table 4, 
every cimi. ee ink each of 198 geographic areas the population at 
of increase эч x бізде 1850; for many of these areas intercensal rates 
The Pike shown. 
national aa part of the Demographic Year 
of live е statistics. The tables оп natalit 
birth, Б дет жен the rates according to age of 
Y age, sox He: gius are taken up with mortality i 
SXpectation pr cause of death. The most recent available data on 
‘or males and = for 62 geographic areas are given by age, separately 
arge areas of кеша. Unfortunately, such data are not available for 
ате dated: 4 the world—China, for example—while in other areas they 
and relates he latest life table for the U. S. S. R. is for the years 1926-27 
iid to the European part. КЕ? 

use of iie comparability of demographic data is often impaired 
erences from one country to another in the concepts and 

lating population data 


edur s 
. Tes used in collecting, recording, and tabu 
earbook the statistical tables in the 


қ k are i ko 
Such data are invaluable for evaluating the quality and comparability of 
official sp mt useful feature is the detailed bibliography of recent 
j ications containing census and other demographic statistics 


or 
each area of the world. 
J. ВААЕ 


book is devoted to inter- 
y show both the number 
mother and order of 
statistics, subdivided 


еса: 
Prog 


| vit 
p al statisti 
tati ics. The technical notes оп 
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Hormones and the Aging Process. Edited by Earn T. ENGLE and 
Grecory Ріхсоз. 323 pp. Academie Press, Inc., New York, 1956. 


Many of the experiences in endocrinology have been derived from 
studies of complete exclusion of the hormones and from the administra- 
tion of excessive amounts of these agents. By contrast, the conference 
reported in the work under review dealt with the more subtle questions 
of hormonal regulation in relation to aging and chronic stress. No 
attempt was made to define an “ aging process.” 

Outside of regression of the gonads in females, no aspect of aging 
could unequivocally be assigned to a hormonal cause. However, for sex 
steroids, adrenal cortical steroids, thyroid hormones, related fields of 
calcium and protein metabolism, and water and electrolyte regulation, 2 
considerable body of evidence is presented which speaks for a charac- 
terization of aging by such biochemical dimensions. In many jnstances 
the regulatory nature of these endocrine changes with time and aging 
was explored. "Тһе process of involution of the ovaries was shown to be 
in the gonad itself and not in a failure of pituitary stimulation or tissue 
response to the sex steroids. Similarly the changing pattern of adrenal 
cortical steroid production is not related to a failure of production of 
pituitary ACTH. There appears to be a changing economy for such 
adrenal hormones with less “needed” and less produced. This would 
speak for an adequate retention of pituitary-adrenal regulation, adapting 
to the changing bodily status with age. Thyroid function is diminishe 
in later adult life but tissue capacity to respond to the hormone remains. 
In similar fashion a variety of changing metabolic activities are relate 
to altered hormonal and non-endoerine influences such as general activity: 
appetite, nutrition, etc. 

The recurring question raised by each report is whether these 
monal changes are the result of or the cause of the aging phenomen® 
As presented, the failure of * hormonal replacement therapy ? to repai" 
more than isolated aspects of the defects of aging is in keeping we 
the need for more extensive understanding along such lines. The леч 
for considering individual differences in status as opposed to chrono 
logical age, past history of chronic stresses, degree of tissue chang" 
associated degenerative or neoplastic diseases, ete. in extensions % 
work is clearly indicated in the discussions reported. All this is in keep” 
ing with the opening remarks of the editors who present both the conve? 


hor- 
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ing of the conference and this report * as stimulants to obviously needed 
Investigation ” in a difficult and neglected field. 


МловтсЕ S. GOLDSTEIN 
Department of Neurophysiology, 
Walter Reed A rmy Medical Center, 
Washington, D. C. 


The Direction of Human Development: Biological and Social Bases. 
By M. F. Asutry Monracu. іх 4- 404 pp. New York: Harper & 
Bros, 1955. $5.00. 


The author claims the content of this book to be “the most dramatic 


nn important experience ” of his life. The publisher refers to it as an 
Unprecedented assembly " of research data from biology, physiology, 
шш, psychology, sociology, education, anthropology, and related 
18148 which sets forth the “heavy weight of evidence to affirm the 
p oum role of cooperation and affection in the life of the individual 

" Society.” After such promise, this reviewer was badly let down! 
Tn his Foreword the author anticipates criticism. He states that he 


4 і H . 

the omitted much evidence for his various claims; he admits px 
dr. charge of over-simplifieation but believes his message sufficiently 
o warrant this attempt to 


amati , е 
ет айе and important at the present time t SÉ 
"i i i 
ma onstrate the categorical imperatives of love and of coopera 
АП 5 social life, Ae, 
ythi i i «amine i ai 
пуца like an adequate critical review would examine in 46 


uthor’s use of i volume of research literature. The 
ор has e of such a tremendous volu сере. Я. 


һе ‚ indeed, read widely and fruitfully; ) 
fuga; attempted to weave together this great mass of шее с 
erit han 700 references, Such an heroic undertaking 18 oun 


Ìcism at th 
e hands of the less courageous. | Ь Е 
ће theme of the book is an extension of an ба ү к 
18 LR has advanced before—that the end to which all nature ds 
E Cooperation ; that the basic and most powerful en in T 
лғаны is love; that human development trends p xn isl 
Cooperation and greater social cohesiveness; ei rer ie 


Mont 


Tofit. fp i 
hing Tom the lesson of his evolutionary heritage and al : 

i that 
hu rod development. The author rejects out of hand the idea 


an 
ü 904 унив is morally neutral. Human being 
in the sense that there is no evil or hostility 
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at birth they are wholly prepared, equipped, to function as creatures 
who not only want and need to be loved by others, but who also want 
and need to love others." (p. 289) Herein is a reaffirmation of Rousseau 
and the English romantic poets of a later day. Thus the book might be 
viewed as а humanistie counter move to the dictation of despair which 
crowds our literature at the present time, finding in man a grim existen- 
tial character or at least a dual nature, with the death wish as prominent 
as the life wish. 

This reviewer is less concerned with the admitted over-simplification 
and the omission of additional evidence than with two other flaws: 

The evidence adduced is uncritically handled. A homely antecdote 
from a popular magazine on child care is quoted with as much convic- 
tion and considered as significant as a carefully controlled scientific 
study published in a scholarly journal. For purposes of scientific evi- 
dence, the author makes no distinction among a clinieal record о! 
опе сазе, а carefully controlled laboratory experiment, an experiential 
anecdote, and sheer speculation. 

The evidence adduced is selected to support the main thesis. The 
author offers experimental evidence supporting his general thesis and 
omits equally adequate evidence tending to confound it. For example, 
he describes Levy’s well known puppy experiment at some length to show 
that reinforcement of the sucking drive follows frustrating that drive; 
he omits the important work of Brodbeck and Sears, and of others, show- 
ing that sucking resembles a learned response rather than an innate 
drive, and is weakened, not strengthened, by disuse. Тһе text gives 
much space to Ribble's discussions of the importance of early nurturing 
experience of infants, but pays no attention to the counter evidence ап 
sharp criticisms which have been advanced against this point of view. 

That developmental processes exhibit directionality is an insistent 
idea—one not easily put aside, even by the most ateleological of scien" 
tists. But writers such as Sinnott or Lillie stay fairly close 10 
material with which they are most familiar. 

There is need for synthesis, and the man who attempts to view the 
scattered fragments of evidence from various fields so as to discern i. 
pattern always hazards sharp criticism. His “ theory ” which fills bor 
gaps between the known and plotted areas should, however, be subje 
to test. Montagu's book is a statement of a faith, not a theory- the 
frankly evangelical tone of the book may make it more suitable for 
trade than for science. 


the 


Date B. HARRIS 


Institute of Child Welfare, 
University of Minnesota 
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Proceedi 
ngs of the World ; 
August— d Population Conference, 1954 
Nati 10 September 1954. Volume I ету Бой. ST 
ons, New York, 1955. 81.50 d 45 29 БӨЛЕР 


This is r 
Population йе of six volumes of papers presented at the World 
United fn Menos held in Rome in 1954 under the auspices of th 
for the кек, 2 the close collaboration of the International Dos 
ganization of fis tudy of Population, the Food and Agriculture Or- 
struction and raid Nations, the International Bank for Recon- 
United Nations evelopment, the International Labor Organization, the 
the World С ee Scientific and Cultural Organization, and 
Sented at Мәнін к Orgenization, This volume contains the — pre- 
frends, Meta i 4. 6 and 8 which dealt with mortality and fertility 
9 areas of loss © Was devoted to mortality trends with special attention 
0 higher Bind. rà mortality while Meeting 4 was concerned with areas 
relation to ni A Meetings 6 and 8 represent a similar dichotomy in 
Meetings 49 се ity trends. Of the 69 papers presented at the four 
a German nin English, 13 in French. 3 in Spanish and 1 each 
5 English ond шнш Each paper is followed by a short summary 
Set from ty rench. Тһе papers have been reproduced by photo- 
ge ty peseript. 
Башанов e all parts of the world and a num 
| № papers represented among the authors. W 
Ogica Pala E а wide range of subject matter, 
'epts, analyses of birth and death statistics for 


ber of international or- 
ithin the field covered, 
including methodo- 
individual 


County; 

tron 198 and regi Е 

"ends, regions, and future projections of mortality and fertility 
to do justice to a 


It i 
compi 18 obvi М ан ; 
Mpilati iously impossible in a brief review 
i 
important conclusions 


: Or 1 : 
Which ненби bens kind, but there are a few !mp 
deen et of high B general review of the various papers. In most of 
Пе has occi rr mortality for which data are avai 
red during the past decade. As this has not been accom- 


Panie d 
b 
ег y со 
pi have төше declines in fertility, substantial population in- 
sulted. In areas of low mortality there has been à further 
has been greater 


for Ore mod 

loy, “Males tha rate decline. In almost all cases this 

a widenin, for males. As mortality rates of females were already 
ng mortality differential between the sexes has resulted. 


lable а spectacular 


т. №. E. GREVILLE 


De 
Da 
ва, теш of Health 
Cation and Welf. 
i are, 


а; 
Shington, D 
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Structure of the Ego. Ву L. LaxcsrRoTH. 149 pp. Stanford University 
Press, 1955. $4.00. 


The first third of the book is concerned with a description of the 
psychology of Otto Rank and its application to psychoanalytical treat- 
ment. It culminates in Rank’s will psychology. Will and opposing will, 
and the earlier discussed concepts of oral sadism and libido and the 
social and biological self are said to explain personality and behavior. 
Will and opposing will are abstractions. It is through the art of inter- 
pretation * that we are able to tread a path through the mass of projec 
tions, rationalizations, and denials that go by the name of thought.” 
(p. 34) This may be so, and it is quite possible that we do not have 
at present a better way of dealing with the complexities of human 
nature than by using crude concepts such as positive and negative 
identification, denial, sado-masochistic mechanisms, ete. If, however, the 
author speaks of forces that emanate from the nuclei in the ego structure 
or illustrates his psychological concepts by writing, “ The will arises 21 
the id but does not become conscious till it reaches the realm of feeling 
where its content is evaluated by its feeling quality? (p. 34); the te 
viewer will be pardoned for not trusting Langstroth’s critical abilities: 
Langstroth then proceeds to assign certain anatomical structures to 
immensely complex psychological phenomena as illustrated by the fol- 
lowing quotations: “ Тһе will force would pass to the postcentral Бу” 
by the connections between the VPL nucleus and this sensory атей, the 
opposing will or ОМ nucleus supplying the majority of the fibers 80 
the conscious will or AV nucleus the minority,” etc. (page 51); NL 
term ‘ suppression’ can be used to indicate a lessening of the height р: 
contraction or а mollification of tension, then а good case can be 204 4 
out for identifying the *suppressor? bands as cortical areas where the 
opposing will, as represented by the DM nucleus, and the feeling 602° 
tent of the conscious will meet in continual interplay ” (р. 85-86) ; ^ T 
opposing will is allocated to the DM nucleus and the feeling compone? 
of the conscious will to the suppressor band (Area 4s) ? (p. 95). Moder”? 
investigators who base their conclusions on neurophysiological and р® Y 
chological experiments on animals with brain lesions and on the ef S 
cal evaluation of clinical cases are very hesitant to assign а pm 
localization to less complex functions than Langstroth discusses in bs. 
book. He adheres to a psychology that is akin to the faculty psychology 
of Thomas Reid (1785) and combines it with recent anatomical da 


| 
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Without giving a shred of evidence for the justifieation of such an 
audacious undertaking. 
в E. GELLHORN 
University of Minnesota, 
Minneapolis, Minn. 


The Biology of the Spiril. By Ермехо W. SINNOTT. Pp. ix + 180. 
New York: The Viking Press, 19 50. 


МЕ. anything a scientist, applying the methods of SS 
which : хау about the spirit. the soul, бой? Js Ше Е ihe 
to en ean render these intangibles tangible? This i is = ie 
humility ag Writing with admirable oe opa ж-з D 
Capable. Е " Dn. Sinnott expounds the hypotheses y ь а P 
also—}, oF returning reasonable answers to the above 4 е. e 
of т Қы. means incidentally, throwing some light gp = 

an and his relation to the universe in which he finds himself. — 

"or many reasons the book ought to make a wide appeal to scien- 


sts, | | - 
KS a the first place, it is relatively short; in the second йик, Ы 
' | М anl іс М sk 
the © old questions not as а dogmatist but as а scientist would a 
a : ight of contemporary 


ве i it attempts to return the answers in the 1 у 
Scientifi pts to returr 
tpa," derstanding; third, the book is not ео 
cautior * of learning; and finally, the author uses 018 Fo 
1: 1. Hence, whether the reader will agree оп all points vitl | 
4 - lot is of no great moment—what the reader will їй oe 
ain 4 k rom is the experience of being fairly and к зөт НЫ ірді 
T questions and the necessity of а ically 
m ^8 a ge $ arguments in support of his hypotheses. 
im аыр, rule scientists adopt a rather lazy à 
Boose ат “enth century is generally taken to have cooke wem 
i "n И the latter's ghost occasionally rises ta меры, n^ E 
they are тое, tend to be rather contemptuously — elg 
Ча 1 considered to be worth. This is the materialist à ri ch 
Mates already done not inconsiderable harm in the world e з 
Unlike ч, And scientifie humanists will not like Dr. Sinno ghe 
tie ed ose is inherent in the very n 
dig е and tha io make purposes but 10 
"hs T What p he very structure of mes 
m "v of chance occur- 


agnostic viewpoint. 
d the theologian s 


he believes that purp 
t it is man’s job not merely 
urposes are already inbuilt in t 
hat man is the resultant of a long history 
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тепсев is only too often confused with the idea that at birth the indi- 
vidual is nothing but a system of random impulses out of the disorder 
of which culture must make a semblance of order. What is overlooked 
is that the system, the organism, at birth is already a highly organized, 
ordered, system, which far from requiring the imposition upon it of an 
externally conceived system of order, requires the nourishment and 
stimulation, based on an understanding of its needs, which will cause 
it to grow and develop so that its potentialities shall he fully and har- 
moniously realized. “We are standing at an impasse in our basic phi- 
losophy and seem to be faced with a choice between the physical and 
the spiritual side of man as the final reality,” writes Dr. Sinnott, and it 
is out of the study of growth and development of living things that he 
is led to the choice of the spirit. The biological fact of self-regulation; 
he believes, is equatable with the psychical, and the psychical, in man, is 
equatable with the spirit—"* the mass of natural impulse, desires, and 
emotions that well up out of protoplasmic purposiveness, setting UP in 
us goals and longings of all sorts, conscious or unconscious. These are 
native to our living stuff, though subject to clevation or debasement.” 
Somatic development and psychic development, as exhibited on the 
one hand by the tendency among living things to reach and mainta? 
an organized living system, and on the other by persistent directiveness 
or goal-seeking, Dr. Sinnott sees as fundamentally the same thing, mere y 
two aspects of the basic regulatory character displayed by all living stu А 
Conscious purpose is the inner experience of protoplasmic goal-seeking: 
I do not suppose that Dr. Sinnott would deny that with the addition ° 
culture that purpose becomes or is capable of ‘becoming much more. 
purposes of ameba and man spring from the same fundamental unity 9 
protoplasmic stuff, at the functional level expressing themselves 48 the 
integrals of different levels of integration. Man is not merely a ration? 
being but fundamentally а seeking, desiring, aspiring one. “ From ks 
comes the force that moves and guides him ? and * gives hope of аке 
our social order а far better one than it now is." “He who learn? jd 
remold the heart’s desire, and not the mind’s intent alone, will he 
in his hands the key to our salvation.” S 
In brief, what Dr. Sinnott is saying is that it is through sieut 
that we are learning that science is not enough, or as Pascal put Dt 4 
heart has its reasons of which the reason knows not. Some scientists i 
the eontemporary period, have for the first time in the history ? jth 
ence been inquiring into the heart’s reasons, and they have come ир дің 
some astonishing findings. I am sure that Dr. Sinnott is familia" 


— M 


BOOK REVIEWS 185 


much of this work, although he makes no direct reference to it, for it 
Supports some of his arguments up to the hilt. “Love,” concludes Dr. 
Sian ott, "is the climax of all goal-seeking, protoplasm's final consum- 
mation.” 

The system of goals and biological purposes which the organism 
constitutes would suggest the existence of a Principle of Organization— 
x sila which brings order out of randomness, spirit out of matter 
d personality out of апга] and impersonal stuff—thus providing the 
three great essentials for religion. The Principle of Organization lifted 
P im expression in matter into the realm of spirit Dr. oe 
Eois ul be thought of as an attribute of God. 940% X RÀ i 
E A. aich creates organized living systems and eis OB is x ні, 
Spirit m Which they move and eulminate in the aspirations o 
it "en may sound like the old stand again, and in a vr 
алшын that Dr. Sinnott speaks as a scientist, not as ee a 
las. ‘arian, but as a humble man thinking aloud bs Е. oe 
male. У, апа as helpfully as he can. This is the contribu ion, m 
на this book, Tt will be read with the respect and gratitude tha 

deserves, 
М. Е. ASHLEY MONTAGU 
Cherry Hill Road, 
"inceton, Ж 
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NEUROPHARMACOLOGY. Edited by Harold A. Abramson. 210 pp. (Ist conference): 
328 pp. (2nd conference). The Josiah Macy, Jr. Foundation, New York, 
1 , 1956. $4.25 each. The first conference was devoted to such topics m 
brain eireulation and metabolism, functional organization of the brain, 
and electrical activity in relation to anesthesia, The second conference 
dealt more directly with * chemopsychology," defined as the study of ш 
influence of chemical substances upon human behavior. Special attention 
was given to the effects of lysergic acid diethylamide. 


SCIENCE IN Pnoo Edited by George А. Baitsell. xviii + 343 pp. Yale Unk 
versity Pre New Haven, 1955. . The current volume, ninth а 
series established in 1939, contains papers by 10 outstanding scientis d 
presented in the framework of Sigma Xi National Lectureships. ie 
ticularly relevant are the contribution on human heredity by L. H. np: 
and George Wald's lecture on the molecular basis of visual excitation. 


By F. J. 1 


ALLGEMEINE THEORIE DER MENSCHLICHEN HALTUNG UND BEWEGUNG. З - 
Buytendijk. 367 pp. Springer, Berlin, 1956. DM 40.0. In this amt " 
hensive monograph a general theory of human posture and ое 
offered as а combination of the physiological and psychological app™ 
to the problem. 


" Austin 
А Srupy or TIINKING. By J. $. Bruner, J, J. Goodnow, and С. А. АЧ 


some 
Xi 4-330 pp. John Wiley, New Y« 0. Records the же” 
of a 5-year program of research on cognition carried on in the ipee 
of Social Relations at Harvard University and focussed on the mee 
of categorizing (conceptualizing), В. W. Brown contributed an appe 


on applications to psycholinguisties. 


ard. 
Les MECANISMES CÉRÉBRAUX DE LA Prise pe Conscience. By Paul фил, ^ 
240 pp. Masson, Paris, 19 Frs. 1,200. Cerebral Mechanisms of pa 
ness attempts to synthetize the contributions of 3 “schools” of nas 
physiology: French (L. Lapieque), Russian (I. P. Pavlov), and ЖО, 
(C. Sherrington). The three parts deal with sleep, “ neuro-consciou? 
and implications for pathology. 


Town AND COUNTRY IN BRAZIL. By Marvin Harris. x + 302 pp. | леге ре” 
versity Press, New York, 1956. $4.50. Description of a small county 
in the mountainous region of eastern Brazil from the point 0 
social anthropology. 


f yieW 


" 3 
IMMIGRANTS AND THEIR CHILDREN, 1850-1950. By E. Р. Hutchinson. = v y 
pp. John Wiley, New York, 1956. $6.50. A volume in the бан тай, 
graph Series, the book gathers information on the composition, 5 ation о 

cal distribution and oceupational stratifieation of U. 5. рор" 
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foreign s 

gn stock over the las 

1920. er the last 100 years, with emphasis on the changes sini 
ges since 


NEBRASKA Svwpo 
viii + 311 ids pens Мотулттох, 1056. Edited by Marshall R. Jones 
$3.50 cloth. hens € of Nebraska Press, Lineoln, 1950. $3.00 panan, 
range of topies m ы И | detailed discussions of 6 papers, eovering а wide 
logical approach t ne study of motivation (inel. “ sex drive” andis neuro- 
on Cüstent hens pum m originally presented at the 4th symposium 
fróm the Ù. S. сту апа WU чө Motivation; finaneed through a grant 
ODDS: iier m ОР NEUROPSYCHIATRIC, NEUROLOGICAL AND RELATED 
Academy of с Edited by F. F. Yonkman. Annals of the New York 
addition to m "e y ol. 61, Art. 1, 280 pp. New York, 1955. $3.50. In 
volume ыйа ieta pentia applications in a variety of situations, the 
s our understanding of the scope and nature of action of 


this in 
s import: 
portant tranquilizing drug. 


Resg 
PSERPINE IN 
INE IN тив TREAT) 


La p 

гог. 78 pp. Gobierno de Vera- 
of languages and population 
aeteristics largely on the 


Veracruz (2 vols., 


OBLACIÓN pe V 
an tothe By Felipe Montem 
ош ЖШ EU Following a brief survey 
basis of E presents the physieal char: 
1050-1956). anna Faulhaber’s La Antropologia Física de 


359 pp. Columbia Uni- 
erest are the biogra- 
ers of scientific psychology, Raymond Dodge, 
tions and of the Conditions and Conse- 
ress, 1931), and Carl 
Music (Ronald 
ch to Musical 


Bro 

ос 

RAPIAT, 
Academy of Sciences 


Memos. National 
100. Of special int 


бери 
кү New York, 1 
the анана соата pione 
Mences of hs “Ера motor fune 
КТІ ТКШ Variability (Yale University P 
Pross, 1947 б кы spent 50 years On Search of Beauty т 
н тайы ийе: A Scientific Approa 


Vol. 10, 11, 16, Proceedings of the Inter- 
1955. 544, 402, 203 pp. United 
This important conference set 
the materials are being 
e special evening lee- 


Peace c; 
ib n Атоміс ENERGY, 
Nations (ош in Geneva, Augu 
Severa] ones York, 1956. $8. $8. $ 
Made с шшш ihe speed with which 
tures are ee The history of the conference and thi 

in Vol, il menter in Vol. 16. Biological effects of radiation are considered 
bones nai is ll, including modes of radiation injury and effects on 
Use of ils ae system, protection and recovery, genetic effects, 
and in EES and nuclear radiations in the dis 

therapy. 


TON 
“rene, py 
ABI 


ienosis and study of disease 


ror Sravisricrans. Edited by Е. S. Pearson and H. О. 

ersity Press, New York, 1956. 
issue of Karl Pear- 
dicates а continuing 
atistical arithmetic.” 
and will be 


Hartley 
54.20. pes T 238 pp. Cambridge Univ 
$0175 Table ication of this volume 42 years after the 
Need for div; Hir Statisticians and Biometricians im 
* present Е which would “reduce the labour of st 
ume contains the more commonly used tables 
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followed by a second volume with more specialized tabular materials. 
There is a large introduction (100 pp.) 


RADIOGRAPHIC ATLAS OF SKELETAL DEVELOPMENT OF THE KNEE By S. I. Pyle 
and N. L. Hoerr. viii4- 82 pp. Charles C. Thomas, Springfield, 1955. 
$4.25. Тһе first in the new series of radiographie standards of skeletal 
maturation, based on the Brush Foundation study, was published in 1950 
(hand and wrist, by W. E. Greulich and S. Idell Pyle, Stanford University 
Press). In the second atlas the authors briefly describe the concept of 
skeletal age, define the anatomie and radiographie terms, and present 29 
plates together with discussion of maturity indicators and developmental 
features for ages from birth to 18 years, An important standard of 
reference. 


Potice Drvcs. By Jean Rolin. Translated by L, J. Bendit. x 4-194 pp. Philo 
sophical Library, New York, 1956. $4 Pharmacology (and electro- 
physiology) hold keys to Pandora's box containing new techniques of 
“brain-washing.” The author, fearful of the easy misuse of the “ satanic 
pharmacopeia," condemns nareo-analysis as a technique for interrogation 
and forcing confession. 


Ох тив Nature or Мах, By Dagobert D. Runes. 105 pp. Philosophical ТЫ 
New York, 1956. $3.00. A collection of philosophical essays and brie 
“ 8 і A 
‘evening thoughts" reflecting the author's belief that “in reading, some 
times less is more," 


STATISTICAL METHODS., By George W. Snedecor. xii + 534 pp. Iowa State бо 
lege Press, Ames, Iowa, 1956. $ ). A time-tested guide (lst ed., 1997) 
for uses of statisties in biology. А chapter on sampling was contributed 
by W. С. Cochran, 


Human Hereprry HANDBOOK, By Amram Scheinfeld. 276 pp. J. B. Lippincott 
Philadelphia, 1956. $34 P 
sents a useful guide to the 
considerations. 


Written in a breezy style, the volume rep Е 
subject of human inheritance, including medic 


M. Stern. 
the 
he 


Сг.Аввісв оғ DBrorocv. By August Pi Suüer, Translated by Charles 
х + 337 pp. Philosophical Library, New York, 1950. A survey of 
major topies of theoretical biology, documented with extracts from t 
writings of authors from Plato and Aristotle to Erwin Schrodinget ens 
Ludwig von Bertalanffy. 

Joser BROŽE 
University of Minnesota, 
Minneapolis, Minn. 


р 


INFORMATION FOR CONTRIBUTORS 


y Human Втогосу, a record of research, is a quarterly journal 
evoted to the subject its name implies. It publishes original 
oe dealing with human genetics, development, growth, repro- 
шп and aging, functional anatomy, bio-anthropology, human 
cology, population dynamics, etc. 


8 The original manuscripts, typed double-spaced on one side of 

1x 11 inch paper in complete and finished form precisely as they 

as to appear, should be sent—packed flat—to the editor, Dr. 

азаа Lasker, Wayne State University College of Medicine, 1 
‘ivard Street, Detroit 7, Michigan. ТЕ is desirable that а secon 

қору be included in order to expedite prompt consideration, and 
at an additional carbon copy and copies of all illustrations should 
€ retained by the author. 


Where possible, illustrations should be made for reproduction 
n line engravings, ‘hence drawn in India ink as boldly as E 
m ttering must remain legible after figures are reduced to fit a 
ad x64 inch pages (letters 1} to 2 mm high after reductor are 
2) Figures should be numbered consecutively wit Em 
е Tables should be numbered independently tad 
of t b th figures and tables should have caption. When the d д! 
We ular and illustrative material is judged to be A 
ӨШ КО expensive, authors may be requested to рау e. Ee 
prom Galley proofs will be sent to the author and must : guis 
the Ptly; when the author makes substantial departures TO ; es 
o ex 5t will be charged to him. Three copies ot an abstract (no 
Tet exceed 225 words) should be submitted when the pr 
urned. One will be sent to the editor of Biological Abstracts. 


the References in the text to the literature should be mede Oy ies 

of са ог name followed by the year of publication: „Ни 

the м гп and Saalberg ('53)...” At the end of the article, Su 

inclu eading “ТлтеватовЕ CITED," full references m a e: m 

betical € page references should appear (double space ) E Di 
АА order of the authors’ names: “ GARN S А 

the ud ERG 1953 Sex and age differences 
ult leg. Human Biol, 25: 144-153.” 


Authors will receive 25 free reprints. Orders for additional 


pats should b i f is returned. 
` e placed at the time proof is ї 
Ossible to accept orders for reprints after the proo 


Urned to the press. 


in the composition of 


a record of research 


CONTENTS 


Везвавсн IN Human Сво\утн. Stanley Marion Garn 


GROWTH or SOUTH Arrican BABIES IN THE FIRST 
Year or Lire. Eva J. Salber 


Tae Constancy or Prysicat TYPES As DETERMINED 
ву FacroRIAL Anatysis. W. Н. Hammond....-- 


TYPICAL AND ATYPICAL CHANGES IN THE бовт TISSUE 
DisrRiBUTION DuRING Снионоор. Werner Kornfeld 


APPLICATION OF THE Gompertz Curve то THE OB- 
SERVED PATTERN ОЕ GROWTH ім LENGTH oF 48 
INpiviDUAL Boys AND GIRLS DURING THE ADOLES- 
cent CYCLE or Сво\утн. Jean Deming 


Book Reviews 


Book Notices 


1 
Votume 29 FEBRUARY, 1957 ҚАСЫНА 
кешеде nee РБИЕ НВГ азан Ан дақылын му ИРЕР er S 


WAYNE STATE UNIVERSITY PRESS, Publishers 


Бекткотт 2, Micnrean, U.S. A. 


“HUMAN 
BIOLOGY 


a record of 


research 
Max, 1957 


Wayne PUBLISHED QUARTERLY BY 
* STATE UNIVERSITY PRESS, DETROIT 2, MICHIGAN, 
U.S.A. 


HUMAN BIOLOGY 


a record of research 


FOUNDED BY RAYMOND PEARL 


Editor 


GABRIEL W. LASKER 


in association with 


BENTLEY GLASS М/палам W. HOWELLS 


James N. SPUHLER WirriAM Г. STRAUS, JR. 


Review Editor 


Joser BROZEK 


Human Втогосу is published quarterly by Wayne 
State University Press, Detroit 2, Michigan, U. S. А. The 
advance subscription price is $5.00 a year (foreign postage 
35 cents; Canadian 15 cents). Single current and recent 
issues are $2.00, plus postage. Volume 1 through 26 may 
be purchased from Kraus Periodicals, Іпс., 16 East 46th 
Street, New York 16, М.Ү. 


Subscribers should notify the publishers of change 1? 
address at least two weeks before publication of the issue 
with which the change is to take effect. No claim for 
non-receipt of an issue will be entertained unless made 
immediately upon receipt of the next succeeding issue- 


Manuscripts and communications regarding editorial 
matters should be addressed to Editor, Human Biology» 
Department of Anatomy, Wayne State University College 
of Medicine, 1401 Rivard St., Detroit 7, Michigan. Books 
for review should be sent to Dr. Josef Brozek, Laboratory 
of Physiological Hygiene, Stadium Gate 27, University of 
Minnesota, Minneapolis 14, Minn. 


WAYNE STATE UNIVERSITY PRESS, Publishers 
Derroir 2, Міснісам, U.S. A. 


Second-class mail privileges authorized at Detroit, Michigan- 


HUMAN BIOLOGY 


a record of research 


MAY, 1957 


Z 
e 
lo 


VOL. 29 


THE G Е 
кла ы; DISTRIBUTION OF CEREBRAL 
HAGE AND HYPERTENSION IN JAPAN 


Á BY EIJI TAKAHASHI 
cpartment of Hygiene, Tohoku University 
AND HIROSHI 116 


NAOSUKE § " 
UKE SASAKI, 7070 TAKEDA 
Hirosaki University, Japan 


De, 
Partme 
ent of Hygiene and Public Health, 


Ух арап 
„а long e gen was the most outstanding cause of death for 
115 seems der REC 1951 cerebral hemorrhage has taken its place. 
eta heart ‚ЖА from the situation in Occidental countries 
igh Trage and dun s = the chief causes of death. Both cerebral 
lood ео rt diseases, however, are caused mostly by the same 


ashim 

oto 

| i others (733) report tha 
ng urban Japanese among W 


y as ar 

у as ап еті ; 
among Americans or Europeans, as against almost all 

h indicate a low mean blood 


eographic 
high in 
We have 


t hypertension is by no 
hom it is found nearly 


аа Japan, also, it is well k 
— Е of hypertension ; is Р 
ood ne northeast part of the main island. 

especially of farm-villagers 1 


le 


Stuq Prefect 


leq 


n such prefectures 


Ednl. `57 Research 
4829 COLLEGE 


140 TAKAHASHI, SASAKI, TAKEDA AND ITO 


as Aomori and Akita. It is well-known in this country that the latter 
have the highest death rate from cerebral hemorrhage in all Japan. 

In the present paper the geographic distribution of death rates from 
cerebral hemorrhage in middle age is described. We find that the 
middle-age death rate is the most appropriate one to investigate in 
respect to geographie distribution of cerebral hemorrhage in Japan, 
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Fic. 1. DISTRIBUTION оғ MIDDLE AGE (30-59 YEARS) DEATH RATE FROM 
CEREBRAL HEMORRHAGE BY PREFECTURES IN JAPAN, 1950, MALE. 


especially in the field of publie health. In older age classes the death 
rate is naturally higher, and the proportion of population over 60 years 
varies considerably among different provinces ; therefore, 
tion studied contains the older age group also, the death rate may vary 
with the proportion of older people. In younger age classes cerebral 
hemorrhage usually has other origins than so-called essential hyper- 
tension, especially in the newborn where it comes from birth 
younger ages are therefore also excluded from consideration. 
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CEREBRAL HEMORRHAGE AND HYPERTENSION 14 


There are, unforunately, few reliable data, classified by sex and age 
classes, on the mean blood pressure or the prevalence of hypertension 
in various populations of different provinces. Though there is volu- 
minous data on average blood pressure of holders of insurance policies 
for Japan as a whole, we have compared our own data mainly with 
the results of other local studies. 


гів. 9. DISTRIBUTION OF MIDDLE Ace (30-59 Years) DEATH RATE FROM 
CEREBRAL HEMORRHAGE BY PREFECTURES IN JAPAN, 1950, FEMALE. 


GEOGRAPHIC DISTRIBUTION OF CEREBRAL HEMORRHAGE 
AND HYPERTENSION IN JAPAN 


In figures 1 (male) and 2 (female) the geographic distribution of 
cerebral hemorrhage per 100,000 persons aged 30 to 59 is plotted. The 
data is listed under “ vascular lesions affecting central nervous system” 
—— international abbreviated list number, B22—in the governmental Vital 
Statistics for 1950. The death rate is caleulated for each of the 46 
administrative prefectures into whieh Japan is divided. 
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The figures clearly show that the middle-age death rate from 
cerebral hemorrhage is lower in the southwest, especially in the pre- 
fectures surrounding the Inland Sea, Seto, and higher in the northeast, 
with the exception of Hokkaido where the rate is lower than average, 
than in all the rest of Japan. 

Before World War II statisties of arterial pressure based on mass 
surveys of the population, except that of insurance poliey holders were 
rare. During and immediately after the war, Shimizu et al. (^50), 
Watanabe (754) and other authors pointed out a decrease of average 
arterial pressure (especially systolic) similar to that shown in Оссі- 
dental countries. This fact must be considered in comparing the data 
of nos. 9 and 10 in tables 1 and 2 with the later studies summarized 
in the table. Series in tables 1, 2 and 3 were all measured by the 
auscultatory method with mercury sphygmomanometer, except nos. 8 
and 10, which were measured by Тусов sphygmomanometer. Chiefly, 
data measured in summer are compared with each other in the tables, 
because of seasonal differences in average blood pressure in Japan and 
because differences of atmospheric temperature in different provinces are 
smaller in summer than in winter as shown in figure 8. Farm-villagers 
are the subjects of most data in tables 1 and 2; farmers and related 
workers are usually native, and according to the result of the census 
in 1950, they are the major occupational group—almost half of all 
working people—and are distributed evenly in all provinces except in 
the big cities. Living conditions of farmers are simpler than those of 
other citizens. Data for other occupational groups is given in some 
cases where that for farmers is lacking. 

In tables 1 and 2 mean blood pressure is followed by standard devia- 
tion, (not standard error nor probable error). Тһе distribution of blood 
pressure, especially in the older age class, is not always normal. 

By comparing the data of tables 1 and 2 with that of figures 1 and 
2 one can see that the distribution of average blood pressure tends to 
parallel that of the middle age death rate from cerebral hemorrhage. 
The tables, however, lack appropriate data for the south and are con- 
siderably incomplete. In tables 1 and 2 the average blood pressure of 
no. 11 seems too low, as if it were in the tropics. In this group а 
random sample among farmers, of about 50 persons for every 10 year 
age class, was measured in midsummer. Тһе average blood pressure 
of farm-villagers in the neighboring prefecture, Tottori, is also low 
(no. 10 in tables 1 and 2); however, it was measured in a period of 
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food shortage, just after the war. In the distribution of the death rate a 
from cerebral hemorrhage, Okayama Prefecture and the other prefectures 
surrounding the Inland Sea, Seto, show low values and the low average 

of blood pressure in this region may be significant. 
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М 
In Japan, blood pressure readings in the brachial artery elevated to & 


150mm Hg and above, systolic, and 90mm Hg and above, diastolic, 

are usually regarded as hypertension, but sometimes a standard of 

140mm Hg is used as a borderline between normal and high blood 5 
pressures, especially in the south, and sometimes a standard of 160mm 

Hg is used, especially in the north. 
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Tables 4 and 5 show rate of prevalence of hypertension in the same 
cases as tables 1, 2 and 3. "These tables show the same tendency as are 
indicated in tables 1 and 2; namely, the prevalence of hypertension 
is higher in the northern prefectures, such as Akita and Aomori, and 
lower in the southern prefectures, such as Okayama, Oita, and Kago- 
shima. In table 6, the proportion of low blood pressure—under 100 mm 
Hg, systolic—is seen to be very low in the north and higher in the 
south. 

We have also tabulated data for postal service workers in three 
districts: Hokkaido (district of Sapporo), Aomori and Akita (district 
of the west part of Aomori Prefecture and the northern part of Akita 
Prefecture), and Oita (district of Beppu). Тһе average blood pressure 
of the postal service workers seems a little lower than that of farm- 
villagers in Hokkaido and Aomori and Akita prefectures, especially of 
those over 39 years of age. There is no big difference between postal 
workers in Hokkaidó and those in Aomori and Akita prefectures in 
respect to percentage of persons whose blood pressure show 140mm H g 
and above; on the contrary Oita clearly shows 
Low blood pressure, under 100mm Hg systolie, is scarcely found in 
farm-villagers in Aomori and Akita prefectures ; in postal service workers 
it is found in every age class, though the percentage is small. Тһе 
percentage of low blood pressure in postal service workers is higher in 
Oita Prefecture than in Hokkaido or in Aomori and Akita prefectures. 


а lower percentage. 


THE CAUSE OF THE PECULIAR GEOGRAPHIC DISTRIBUTION 
OF CEREBRAL HEMORRHAGE AND HYPERTENSION 


I. The influence of atmospheric temperature. 


The territory of Japan consists of four main islands extending from 
northeast (about 45? N) to southwest (about 30° №). The death rate 
from cerebral hemorrhage is lower in the southwest and higher in the 
northeast except in Hokkaido, as shown in figures 1 and 2. The dis- 
tribution of the mean blood pressure of the people and the prevalence 
of hypertension among inhabitants seems to be parallel to the dis- 
tribution of the death rate from cerebral hemorrhage. 

The geographic distribution of cerebral hemorrhage and hyperten- 
sion suggest that environmental factors may be a dominant cause. 
It is certain, of course, that genetic factors are in part responsible for 
the high blood pressure that is the basis of essential hypertension. But, 
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genetic factors may not play so remarkable a róle here as in the dif- 
ferences among different races, since the Japanese living in these prov- 
inces seems to belong to the same race, and are not notably different 
in body build. Even if there are some genetie differences among 
inhabitants of these provinces these differences should be ascribed 
mainly to selection and isolation for a long period of time. And then, 
also, environmental factors deserve consideration as a selecting factor. 
It is very difficult to differentiate between the influence of genetie 
and environmental factors, since children usually live in their parents 
houses and take the same customary diet. When children and parents 
r genetic susceptibility to hypertension and live always under 
similar pathogenetic circumstances tending to elevate arterial pressure, 
it is natural that, after a certain period, the children will get hyper- 
tension similar to that of their parents. There are provincial charac- 
teristics, not only in climate but also in the construction of houses, 
dietary customs, and other aspects of the manner of living. If there 
prove to be differences between provinces in cerebral hemorrhage or 
hypertension, these should not be interpreted simply as the result of 
the genetic factor. First we must investigate the environment. 
Among environmental factors, climate seems to be first in applic- 
ability to the interpretation of the higher death rate from cerebral 
hemorrhage and the higher prevalence of hypertension in the northeast 
of Japan, except in Hokkaids. In support of this argument note that 
the death rate from cerebral hemorrhage has a seasonal variation, as 
shown in figure 4. A significant difference between average blood 
pressure measured in summer and in winter was recognized in the same 
occupational group in Kagoshima, by Sato et al. (52) as shown in 
tables 3, 4 and 5. Such a difference was also recognized by examining 
the same group of 199 individuals in Aomori Prefecture in both summer 
and winter (Takahashi ef al, 755). Mishima et al. (53) found a 
tendency, in 4,214 male insurance applicants in Osaka and Kyoto, for 
the average blood pressure of people over 40 years of age measured in 
autumn and winter to be higher than that measured in spring and 
in summer. Monthly measurement of blood pressure in 16 young 
males by Ohashi (48) in Yokosuka gave significant negative correlations 
between atmospheric temperature and blood pressure (systolic r = —0.94; 
diastolic r—=-—0:92, р < 0.001). Cold is the most general kind of 
stressor for people who live in the temperate zone; and the idea that 
repeated exposure to this environmental influence, which normally raises 
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arterial pressure, eventually leads to a sustained hypertension is 


argued 
by Smirk (749) and by Wolff and his colleagues (751). 
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CEREBRAL HEMORRHAGE DEATH RATE 
PER 100,000 POPULATION 


IN JAPAN ( 1947-1954). 


Then why is the death rate from cerebral hemorrhage and the 
prevalence of hypertension lower in Hokkaido ? Hokkaidd has been 
cultivated, mainly, only since the Second half of the nineteenth century, 


and the manner of living of the inhabitants is more influenced by 


A 
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Occidental ways than is that of those living in the other provinces 
of Japan. In winter, heating with iron stoves, without which man 
can scarcely live through the colder season, prevails throughout this 
island. On the other hand, in the main island, even in the northeast, 
heating with iron stoves does not always prevail as in Hokkaidō, and 
the construction of houses is rather protective against the heat of 
summer as is usual in most of Japan. Therefore, people in Hokkaido 
pass the winter in a warmer in-door environment than do those on the 
main island; in winter travellers from Hokkaido to the main island 
are sometimes more sensitive to cold in the room than are the people 
who live there. 

In Aomori Prefecture, which is at the north end of the main island, 
and in neighboring Hokkaido, heating with iron stoves in which fire- 
wood is used began earlier and spread more widely than in the other 
prefectures in the northeast. Тһе death rate from cerebral hemorrhage 
and the prevalence of hypertension in Aomori Prefecture is lower than 
in the neighboring prefectures. In Aomori Prefecture, also, in villages 
where the heating is more general and earlier, the average blood pressure 
is lower than in the other villages. 

Atmospherie warmth in winter has been recorded by the self-regis- 
tering thermometer in the sitting rooms of farm-houses with iron stoves 
and those with only a floor hearth without chimney (figure 5). Fire- 
wood is the common fuel for both stove and floor hearth. But the 
farm-house without stove and with only a floor hearth, which is general 
in the older style farm-houses in Japan, except in Hokkaidd, usually 
has no ceiling in the sitting room so as to avoid much of the toxicity 
of carbon monoxide and smoke even though there is no chimney. 
Therefore, only radiation is effective in warming the body of the 
dweller, and the atmospheric temperature in the room is more influenced 
by the out-door temperature. The temperature of the room almost 
always -remains under 10°C in winter and often drops below 0° О, 
even in the daytime, as shown in figure 5. On the other hand, in a 
room with an iron stove the in-door temperature is almost always 
kept above 20? C except at night. 

Subjects aged 40-69 in farm-villages in Aomori and Akita prefec- 
tures whose blood pressures were measured by Riva-Rocci’s mercury 
sphygmomanometer in summer, were divided into two groups: one 
group (A) had iron stoves in their sitting rooms and the other (B) 
had floor hearths only. The difference in average systolic blood pressure 
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between these two groups is significant at the level of P < 0.001 by y? 


test, as shown in table 7. Тһе relation of temperature in the room 
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Fic. 5. TuERMOGRAM or ATMOSPHERIC 
WITH AND WITHOUT HEATING. 
A: With stove of iron, in wooden-house, 
B: With stove of iron, in conerete-block-house, 
C: With pechka, in wooden-house, 
D: With floor-hearth only, in wooden house, 
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and blood pressure is higher in females than in males А 
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Lower blood pressure occurs especially in farmers who have had 


heating by stove in their sitting-room for over 5 years. Possession of 
heating in rooms seems related to the economic condition of farmers 


TABLE 7 


Difference in the incidence of hypertension of farmers with and without stoves 
in their houses іп Aomori and Akita Prefectures 


MALE 
Number of 
Group Hypertensives Normotensives Total 
With stove 93 148 241 
Without stove 59 63 192 
Total 152 211 363 


x? = 3.174, 0.05<Р<0.10 


FEMALE 
Number of 
Group Hypertensives Normotensives Total 
With stove 140 190 330 
Without stove 98 74 172 
Total 238 264 502 


х? = 9.599, P<0.01 


2, P<0.001 


Male plus female x? = 12.54 
Notes: 1. Subjects are farm villagers and aged 40-69 of both sexes. 
2. Hypertensives mean subjects whose systolic blood pressure showed 


150 mm Hg and above. 


However, when the total farm area is considered, the influence of this 


economie factor upon blood pressure is negligible as shown in the data 


in table 9. 
Again, among 290 farm-villagers whose blood pressure was measured 


once in summer and once in winter, the elevation of average systolic 
blood pressure in winter is recognized to be at the level of significance 
of P < 0.01 in a group which contains 42 villagers who have only a 
floor hearth and 84 who have had stoves 5 years or less, as shown in 
table 8. On the contrary, as shown by another group which contains 
164 villagers who have had stoves 6 years and longer, a significant 
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elevation of average blood pressure in winter is not recognized (P > 0.05). 
Between these two groups, the difference in the winter to summer pro- 
portion of persons whose blood pressure is elevated 10 mm Hg or over 
is significant at the level of Р< 0.01 by the x? test. 


TABLE 8 


Average elevation of systolic blood. pressure in winter compared with that in 
summer in the same 290 persons, grouped by possession of heating in house 


AVERAGE ELEY, ATION 


STANDARD 
GROUP PERSONS OF B. P. IN MM HG DEVIATION 
With stove 
6 years and longer 164 -1.4=1.5 19.0 
With stove 
5 years and less 84 +11.0+2.0 18.5 
Without stove 42 T11.1z3.3 21.7 


Note: Numbers following + mean standard error of average elevation of B, P. 


Significance of difference of blood pressure elevation between two groups 


PERSONS WHOSE B, р. 


GROUP ELEVATED NOT ELEVATED TOTAL 
With stove 
6 years and longer 71 93 164 
With stove 
5 years and less 
(8 48 126 

Without stove 

Total 149 141 290 


х? = 9.878, P<0.01 


Note: Persons whose systolic blood pressure wa. 


8 10 mm Н, 
winter than in summer are listed as ©“ 


арав Б or more higher in 


'The influence upon blood pressure of m 
room should be considered in two Ways, direct and indirect, Directly 
low temperature contracts the surface arteries; indirectly, temperatus ; 
influences the amount of rice and sodium chloride eaten, 

The fact that cerebral hemorrhage and hypertension in J 
high in the northeast and low in the southwe арап are 


st, seems to b 
related to the in-door temperature in the sitting room, е Toughly 


icroclimate in the Sitting 
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TABLE 9 


Relation of the farm area and the prevalence of hypertension (over 150mm Hg, 
systolic) in farmers in the northeast farm-villages 


s FARM AREA FOR NUMBER OF 
VEGETABLES HYPERTENSIVES NORMOTENSIVES TOTAL 

Under 20 are 122 18 200 

20-40 64 64 128 

40 аге апа оуег 62 88 150 

Total 248 230 418 


x2 = 13.46) Р<0.005 


FARM AREA OF NUMBER OF 


RICE FIELD HYPERTENSIVES NORMOTENSIVES TOTAL 
Under 0.5 Ва 51 56 107 
0.5-1.0 vel 73 144 
1.0-1.5 65 73 137 
1.5 ha and over 39 42 81 
E S E T 
Total 226 243 469 
ia 
x2=0.29, P>0.90 
FARM AREA, NUMBER OF 
TOTAL HYPERTENSIVES NORMOTENSIVES TOTAL 
Under 1.0 ha ТТ 51 198 
1.0-1.5 73 63 136 
1.8 ha and over 89 100 189 
Total 239 214 453 


х? = 5.14, 0.102 P20.05 


Note: Agrieulture in Japan is intensive, and the farm area is generally smaller 
than that in the U. S. A. 


fs IL. On the influence of dietary customs. 


Besides the influence of atmospheric temperature, food and dietary 

customs seem to influence blood pressure and the death rate from 

е cerebral hemorrhage. Keys, Henshel and Taylor (247) found that 
during semi-starvation blood pressure diminishes following a drop in 
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the body weight. Similar changes were observed during starvation in 
the last great war in Europe. Namely, Lups and Francke (747) recog- 
nized in 1945 in 520 patients in Holland that blood pressure had fallen 
substantially. According to Brožek, Chapman and Keys (^48) after the 
siege was lifted in Leningrad it was found that arterial pressure 
increased. Also in Japan, in the period of food shortage, during and 
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Ета. 6. COMPARISON оғ PERCENTAGE DISTRIBUTION оғ SYSTOLIC BLOOD PRESSURE 
BEFORE AND ArrER WonLD War II (BY WATANABE, '54). 


immediately after the last war, blood pressure fell (Watanabe, 254. See 
fig. 6). Many Japanese authors share the opinion that the drop of 
blood pressure recognized in insurance poliey holders and in patients 
of the university clinie was chiefly caused by under-nourishment during 
and just after the war. According to government vital statisties, the 
crude death rate from cerebral hemorrhage, which was about 180 per 
100,000 population in 1938-40, dropped one-third to about 120 in 
1948-49. 

On the influence of dietary customs, Professor Kondo (55) of 
Tohoku University, who has studied dietary customs and longevity in 
Japan for more than 15 years, states that: (1) the longevity index— 
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per cent of persons over 70 years in populations which are not rapidly 
increasing or decreasing—is always low in villages where inhabitants 
have a partiality for rice and eat over 700g (ca. 2400 Cal.) of rice 
daily; (2) inhabitants of villages where the longevity index is high 
always eat enough fish, or much food processed from soy beans and 
many vegetables; (3) in villages where inhabitants usually eat sea 
weed, there are very few ineidents of cerebral apoplexy and the longevity 
index is high, ее. Whether the longevity index of a village is high or 
low is influenced mainly by the incidence of cerebral hemorrhage in 
the middle age class. Significant negative correlation (male, т == —0.81, 
Р < 0.001; female, r— —0.77, P < 0.001) is found between longevity 
index and middle age death rate from cerebral hemorrhage in 38 pre- 
fectures, not in 8 prefectures containing big cities or industrial districts 
which have a different age-sex distribution of population from others 
(Takeda, ^56). 

In Oceidental countries, high protein diet seems generally to be one 
of the causes of hypertension, though Dublin, Fisk and Коре (25) 
found no significant difference in the percentage of hypertension in those 
taking a high protein diet and those who did not. Recently, in Occi- 
dental countries, a rice diet is sometimes used for the treatment of 
hypertension. Тһе quantity is always limited to about 2,000 Calories, 
however, and is accompanied with a severe restriction of sodium chloride. 

In Japan, especially in farm-villages in the single crop area, where 
farmers have comparatively large rice fields (са. 1-2 hectare) but 
smaller fields for vegetables (ca. 2-3 are), whieh are usually for home 
consumption only, farmers tend to overeat rice, with only small side 
dishes, generally of thick salted pickles. According to the results of 
the government national nourishment survey, adult farm-villagers of 
all provinces take an average of ca. 2,500 Cal. of which 55-65% is in 
rice. Takahashi ей al. (754) found that in the customary diet in farm- 
villages in a single rice crop area of Aomori Prefecture, where the 
country is covered with drifted snow during three or four months in 
winter, 70-80% of the calories of all foods (ca. 3000 cal) are from 
polished тісе and that in the period from March through May, it often 
exceeded 80%. Polished rice is lacking in vitamins. Therefore, the 
larger the amount of rice they eat, the more they lack in vitamins, 
and latent polyavitaminosis is found very often in the farm villages. 
We found the customary diet lacking adequate vitamin B,, В., C, etc. 
and also calcium and fat. Farmers who have fields too small for 
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vegetables lack vegetables, especially during winter and Spring, since 
they do not buy them, and eat much rice with thick salted pickles. 

In the northeast, the larger the vegetable fields—vegetables are 
mostly for home consumption—the less the prevalence rate of hyper- 
tension (Ito, 56). As shown in table 9, when 478 farmers are divided 
into three groups according to the extent of farm area used for vege- 
tables, the differences of prevalence rate among these three groups are 
statistically significant by the x? test at the level of Р < 0.005. On 
the other hand, there is no significant relation between the area of rice 
fields and the proportion of hypertensives. Although agricultural labor 
is heavier in the rice fields than in the fields for vegetables, it seems 
probable that physical exertion is not an important factor in the genesis 
of essential hypertension (Pickering, ?55). 

We find there is a significant positive correlation between esti- 
mated production of rice (average for 1942-50) per capita (both 
estimated production and population are cited from the government 
Statistical Yearbook, 1950) and the middle age death rate from cerebral 
hemorrhage (male, r= --0.602, P< 0.001; female, r= --0.552, P< 
0.001) in 42 prefectures (except "Tokyo, Kanagawa, Osaka and Kyoto 
prefectures, which have small farm areas as against large urban popu- 
lations). It follows, under the premise that inhabitants in prefectures 
where more rice is produced eat more of it, that, in J: apan, the people 
who eat more rice have a higher incidence of cerebral hemorrhage. 
'The low death rate from cerebral hemorrhage in Hokkaido is explained 
by the low productivity of rice resulting from the climate, in addition 
to the above-mentioned influence of higher indoor temperatures in 
winter. 

Ogata et al. (754) state after their experiments on the influence of 
a large amount of sodium chloride ingestion in North Manchuria as 
follows: “Daily intake of sodium chloride amounting to 50-60 g by 
adding 10 g to each meal causes a gradual rise in basal metabolism, 
good appetite, and energetic feeling of the body, after several days. 
In this stage of high metabolie rate due to inerease of salt ingestion, 
both a rise in the oxygen consumption and a drop in the surface tem- 
perature during exposure to cold are less in degree and the subjects 
complain less than normal subjects." Though the observation was not 
continued for so long a period, it seems that it would be good to take 
more sodium chloride in colder environments. However, at the same 
time, it is well known that overdosages of sodium chloride in daily life 
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produce hypertension: e. g- Dahl and Love (94) state that no hyper- 
tension was found among a low sodium chloride intake group, but а 
high intake group had hypertension in 10% of the subjects. Sasaki 
(96a) has shown that the soy bean paste, “miso,” from whieh the 
soup is made which almost all Japanese eat every day (farmers eat it 
always, at each meal) contains more sodium chloride in the north than 
in the south of Japan and that there is significant positive correlation 
(r= +0.49, Р < 0.01) between the sodium chloride content of the 
paste and the middle age death rate from cerebral hemorrhage in 36 
prefectures. 

Sasaki ('56b) investigated the quantities of sodium and potassium 
(by flame photometer), chlorine and creatinine in the urine of 97 farm 
housewives, aged 31-64 years, in farm villages: village A in Aomori 
prefecture and B in Akita prefecture. Village A is in the area of apple 
production and all subjects (41) have iron stoves for heating in their 
sitting room: 32 of them have had stoves for over 10 years. Of the 
subjects of village В (56), only 7 have had iron stoves for over 10 years, 
and 24 still lack stoves. There proved to be no difference in upper-arm 
circumference between these two groups of farm-housewives, and, as 
this is the simplest and most definite way to compare physical build 
of different groups as it relates to blood pressure (Bays and Scrimshaw, 
758), body build does not appear to be a factor, here. But there is а 
significant difference of average blood pressure, both in systolic (in 
village A: 132.12-2.6, in В: 171.82-4.8 in mm Hg; the number following 
= being the standard error) and in diastolic (in A: 78.42-1.8, in В: 
90.4-=2.2 in mm Hg), and of percentage of hypertension, between these 
two groups. In the urine, there were remarkable differences in the ratio 
of Na/creatinine and of Na/K between group A: 


[Na (m. Eq.) /Cr.(g) :242.1+518.9; Na (m. Eq.) /K (m. Eq.) :4.22-0.38] 


and group В: 

[Na(m. Eq.)/Cr.(g) :383.02-23.1; Na(m. Eq.)/K (m. Eq.) : 7.142-0.60]. 
It seems that one should take more sodium chloride in а cold environ- 
ment, such as in the rooms which have no heating during winter except 


the floor-hearth. 

Irie (753) found a decrease in vitamin C concentration in blood 
serum after 4-5 days of adding 20 g NaCl to the ordinary diet; this is 
in accordance with the results of animal experiments by Doi (^53). 


Ednl. ^s! 
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In farm-villages in the northeast of Japan, it seems farmers lack 
vitamin C doubly, not only in their food but also by excessive intake 
of sodium chloride. In fact, Matsuoka et al. (51), Fukuda et al. (^52), 
Okumura (255), and Sasaki, Takeda and Ito (755) have found low blood 
levels of vitamin C especially in the season of snow-drifts in this 
province. 

Anyhow, excess intake of rice and salt and lack of vitamin C and 
other vitamins seems to be one of the important causes why, in the 
northeast, the average blood pressure is elevated and the death rate 
from cerebral hemorrhage is high. Excess intake of rice, especially, 
seems to influence the geographic distribution of cerebral hemorrhage 
in Japan. 


III. Om the influence of psychogenic factors and of social environment. 


On the influences of psychogenic factors and of social environment 
upon cerebral hemorrhage and hypertension we have no appreciable 
data in Japan. It is said that the inhabitants of coast villages, especially 
fishing villages, tend to be extroverts in personality in comparison with 
the inhabitants of inland villages where they seem to be introverts. 
The inhabitants of such fishing villages usually seems to have lower 
mean blood pressure, lower prevalence of hypertension and a lower death 
rate from cerebral hemorrhage than those of inland and mountain farm- 
villages. But we have no certain evidence on the relation of personality 
and blood pressure. 

In table 10, which shows death rates from chief causes by occupa- 
tion, we find higher death rates from cerebral hemorrhage in occupation 
classes of other professional workers and farmers, farm workers, and 
graziers, in which cerebral hemorrhage is the most important cause of 
deaths, though the death rates are not corrected for age and sex. Ав 
for farmers and related workers, who are the greater part of the popu- 
lation of Japan, we can interpret the geographic distribution of cerebral 
hemorrhage and hypertension by atmospheric temperature and dietary 
customs, as mentioned above. Other professional workers seem to 
contain more urban inhabitants. 'Тһе fact is generally recognized that 
*the blood pressure сай reveals higher values in complex societies than 
in simpler social environments," as Bays and Scrimshaw (753) put it. 
That other professional workers have the highest death rate from 
cerebral hemorrhage seems mostly explained by that idea, even though 
they seem to contain the older generation. 
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However, higher death rate from cerebral hemorrhage and higher 
mean blood pressure in the northeast of Japan compared with the south- 
west is not explained by social environment, since in Japan it is common 
knowledge that inhabitants in the northeast are regarded as having a 
less complex society and a less elaborate culture than in the southwest, 


SUMMARY 


In Japan the incidence of fatal cerebral hemorrhage among the 
middle aged is higher in the northeast, except in Hokkaido, than in 
ihe southwest. Тһе distribution of the mean blood pressure, the prev- 
alence of hypertension and the proportion of low blood pressure seem 
parallel to the distribution of the death rate from cerebral hemorrhage, 
though we are lacking in data from local mass surveys for some parts 
of Japan. 

This geographie distribution of cerebral hemorrhage and hypertension 
seems explained in part by the differences of atmospherie temperature. 
One must consider not only natural, out-door temperature but also 
in-door temperature which, especially in winter in the north of J apan, 
is more effectively influential upon the human body. Areas where 
cerebral hemorrhage and hypertension are frequent in farm villages also 
seem to be those in which there is a surplus intake of rice and salt, 
and a lack of vegetables. 

This work was aided by a grant from the Japanese Ministry of 
Education and publication of the tables was aided through the American 


Heart Association by funds from the United States National Heart 
Institute. 
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THE RELATIONSHIP BETWEEN PHYSIOUE AND 
RATE OF SKELETAL MATURATION IN BOYS 


BY ROY M. ACHESON? AND C. WESLEY DUPERTUIS 
Department of Anatomy 
Western Reserve University, School of Medicine 
Cleveland, Ohio 


N a recent analysis of the Brush Foundation Growth Study material, 

Dupertuis and Michael (253) compared the growth pattern of two 
groups of boys with different physiques. It was found that those who 
were predominantly of a rugged, muscular build (Sheldon's second 
component) grew more rapidly than those whose physique was more 
finely and delicately constructed (Sheldon’s third component), but that 
the latter group were, on average, taller as adults. "This finding is 
consistent with Shuttleworth’s (227, 738) observation that slow physical 
maturation during adolescence is associated with greater than average 
adult height, and rapid maturation during the same period with short- 
ness of stature. Acheson and Hewitt (754) found that, in the pre-school 
period, the group of children of either sex which reached a given stage 
in their skeletal maturation late were taller at that stage than the group 
of children who reached the same stage early; this suggested that the 
inverse relationship between adult stature and rate of physical matura- 
tion might be a basie, constitutional pattern which is genetically deter- 
mined and is detectable from early childhood. What is more, it seemed 
highly probable that there would be a basic relationship between 
Sheldon's somatotypes and the rate of physical maturation—either 
skeletal or sexual. The present paper investigates the validity of this 
hypothesis in respect of the same group of boys as were used in the 
earlier paper (Dupertuis and Michael, 753). 


1 Present address: Department of Social Medicine, Trinity College, Dublin, 
Ireland. 


168 ROY M. ACHESON AND С. WESLEY DUPERTUIS 


MATERIAL AND METHODS 


Material 


Full details of recruitment and conduct of the Brush Foundation 
Study have been published elsewhere (Simmons, 744). Тһе children who 
provided the longitudinal data were all born after the first World War, 
and the majority of them were followed between 1931 and 1942. They 
were specially selected from prosperous homes with the idea that this 
would permit the study of child development under optimum conditions. 
At the time that recruiting was going on it was widely believed that 
obesity in childhood was an indication of pituitary insufficiency, and 
therefore, although children who tended to be fat were followed, their 
records were not filed among the normal or “regular” series, In 1951, 
when a circular letter was sent to the 250 boys whose records were the 
most complete, asking them to return for a final assay of adult physique, 
this fact was not realized. Consequently, among the 128 who eventually 
presented themselves at this laboratory there is an artificially small 
amount of Sheldon’s first component (roundness and fatness). 


Somatotyping 


The 128 boys whose physiques were classified had all reach 


ed young 
adulthood. "Тһе classification 


was made by the classical method of 
Sheldon (Sheldon, Stevens, and Tucker, %40; Sheldon, Dupertuis, and 
MacDermott, 254) from standard photographs of the naked individual. 


Assessment of Sheletal Maturation 
Skeletal maturity was assessed from x-rays of the hip and pelvis 
by the Oxford method? (Acheson, °54, 756, 797), "This part of the hody 


was chosen for no other reason than that its maturation had already 
been assessed in a separate study (Acheson, 51), and that maturity 


* This method depends upon the recognition of shape changes in the parts of 
the maturing skeleton where osteogenesis is occurring. Those shape changes 
which are neither sex-limited nor stock-limited are described аз maturity indica- 
tors, and the total number of these indicators in any x-ray film is known as the 
maturity score, which is taken as an index of the maturity of the whole skeleton, 
In the first report of this method (Acheson, '54) the scores were described аз 
Oxford Units. It has вїпсе been realized that the various contributions to the 
total maturity score are not necessarily equal to each other, and so it is incorreet 


to describe them as units. In the present communication they will be referred 
to as maturity points, 
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readings were thus available for a total of 225 Brush boys, including 
the 128 who had been somatotyped. The mean maturity scores, together 
with standard deviation for this entire group, are shown in table 1. 


TABLE 1 


Mean maturity score in points for the hip and pelvis of 225 Brush Foundation 
Study boys, assessed by the Oxford Mcthod from 2,505 radiographs 


(The maximum score, attained by the mature individual, is 45 points.) 


AGE MATURITY SCORE IN POINTS NUMBER 
IN YEARS MEAN STANDARD DEVIATON OF OBSERVATIONS 
4 445 1.01 53 
4 6.31 1.06 61 
2 7.71 0.87 70 
1 8.37 0.82 78 
1i 9.34 0.85 88 
2 10.11 0.89 96 
21 11.14 1.10 104 
3 12.05 1.26 108 
33 12.94 1.30 111 
4 13.98 1.33 126 
4} 14.98 147 128 
5 15.97 1.42 139 
6 17.25 1.43 150 
1 18.39 1.40 149 
8 10.67 1.35 149 
0° 20.71 1.32 138 
10 21.90 1.52 145 
11 23.35 1.73 116 
12 24.0H 2.060 114 
13 20.85 9,08 102 
14 29.72 2.61 86 
15 БЕЛДІ 3.28 19 
16 20,19 2,00 60 
17 30.54 3.17 41 
18 40.05 зло 21 
Total 2,505 


- l——— 


None of the boys who were somatotyped had been studied for more 
than 11 years, and very few of them for less than 5. "The actual ages 
at which some of them were seen are indicated in table 2. The 
maximum number of x-rays available for any child was 18. 

Тһе following procedure was adopted in order to obtain an index 
scale of the rate of maturation for each child. From the maturity 
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Score of each x-ray, the mean maturity score of those members of the 
entire group of 225 boys who were seen at the same age was subtracted. 
Then this difference, in maturity points, was divided by the standard 
deviation of the scores of all the boys at that age and multiplied by 100. 


TABLE 2 


A diagrammatic presentation of the time span during which the 22 ectomorphs 
and 27 mesomorphs were followed. With very few exceptions each child twas 
seen every three months in the first year of life, twice yearly until he was б, 
and then annually. These cases are typical, in this respect, 
of the Brush Foundation data. 
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Thus the differences were transposed into standard units. Then, for 
each child, all these differences were averaged, paying due attention 
to whether they were plus or minus, and the final figure was taken as 
an index of the rate of skeletal maturation of that child. Tt was realized 
that this would be a good index only in those children in whom the 
rate of maturation bore a constant relationship to the mean rate of 
maturation for all the boys. Since knowledge of individual rates of 
maturation is so meager, however, it was decided that this relatively 
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simple index was preferable to the more elaborate method of irying to 
fit curves to the maturational pattern of each child. 


FINDINGS 


Overall Relationship between Physique and Rate of Skeletal Maturation 


The fact that there is a wide normal range in the rate of skeletal 
maturation in boys of the Brush group has been demonstrated by Pyle 
and Hoerr (55). In order to obtain a broad picture of any differences 
in physique that there may be between the slow maturing and quick 
maturing boys, the present study group was divided, in terms of the 
rate of maturation index, into four subgroups (see table 3). It will 


TABLE 3 


Average somatotype components in four groups of Brush boys, arranged 
according to rate of skeletal maturation 


RATE OF MATURATION SCALE (IN STANDARD UNITS) 


SLOW FAST 
—100 or —99 0.1 #0 101 or 
less to0 100 greater 
Component I 3.30 3.36 3.40 3.60 
(Endomorphy ) 
Component II 4.07 4.11 4.15 4.45 
(Mesomorphy ) 
Component III 3.87 3.46 3.16 3.05 
(Ectomorphy ) 
Number of 
Observations (15) (60) (43) ! (10) 


be seen that somatotype Component II (ruggedness) is higher among 
the fast maturers, and Component IIT (delicacy and linearity) is higher 
among the slow maturers. There is also the suggestion of a gradient 
for Component I, with even less roundness and softness among the slow 
maturing group than among the boys who are skeletally more precocious. 
The findings are strikingly similar to those of "Tanner (55), who 
compared somatotype components with rate of sexual maturation, judged 
by first appearance of pubic hair, in a group of 188 British officer 
cadets. Tanner found, however, that the relationships between soma- 
totype Component II and fast maturation and between Component III 
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and slow maturation were both statistically significant. In the present 
data only the linear regression of Component III and rate of skeletal 
maturation differed significantly from zero (.01 < P < .05). Tanner’s 
subjects, in whom Component I averages lower than in ours, showed 
no consistent trend in respect of this component. 

In addition to considering the physique of the boys in relationship 
to their rate of maturation, partial linear regressions were caleulated 
for the rates of maturation associated with the three somatotype compo- 
nents. For all three combined, no significant relationship was detected ; 
however on further analysis ectomorphy was found to have a relationship 
with slow maturation (.01 < P < .05). 


Rate of Skeletal Maturation 

1. Preponderance of Components II and III. In order to examine 
the developmental patterns of boys showing a high degree of Components 
II and III, the same group of 22 boys with more than 5.0 in Component 
III were studied as had been used in the previous analysis (Dupertuis 
and Michael, 52). Two of the 27 mesomorphs were not 18 years of age 
and therefore not quite fully grown when last seen, so that only 25 boys 
with more than 5 in Component II were available. A scattergram was 
made (figure 1) in which rate of maturation was plotted against final 
adult height for the two groups. This shows a highly significant 
tendency for boys with a delicate and linear physique (Component III) 
to be slower maturing and taller (хз) = 11.68, .001 < P <.01) than 
boys with a predominance of Component 11. 


2. Gynandromorphy. Gynandromorphy was estimated in all the 
boys by the method of Sheldon (740), but it was found that only 9 had 
a rating of over 3.0 in this component. 'lhus we are unable to affirm 
or to refute Bayley’s (51) statement that boys who are gynie in their 
physical build mature more quickly than average. 


The Relationship belween Physique and Pattern of Skeletal Maturation 


It is half a century since Pryor (708) pointed out that the pattern 
of ossification in children varies considerably. He believed that this 
variation was entirely due to genetic differences. Subsequently, Pryor 
himself (39), Buschke (734), Sontag and Lipford (43), and other 
authors have produced good evidence in favor of the suggestion that 
variations in pattern have a genetic basis. Todd (37), however, con- 


A 
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tended that illness or malnutrition could also disturb the pattern of 
ossification. The use of the Red Graph by Pyle and her co-workers (^48) 
in a group of children in Michigan and also in Birmingham, Alabama 
(reported by Driezen, Snodgrasse, Parker, Currie, and Spies, 54), has 
borne out Todd's contention. Subsequently, further support came from 
Hewitt, Westropp, and Acheson (755), who showed that the maturation 
of the carpals was more susceptible to interference from the intercurrent 
illnesses of childhood than the maturation of the epiphyses of the short 
or the long bones in the wrist or the knee. Thus, it seemed that both 
heredity and environment each play their part in determining the 
pattern of skeletal maturation in children. 

We have already shown that there is some relationship between 


this question further, a detailed comparison was made between three 
different types of center in the predominant mesomorphs and the pre- 
dominant ectomorphs. The remaining 79 boys who were not predomi- 
nant in either component served as controls. The centers chosen for 
study were: 


1. Articular epiphysis—Head of femur 
2. Traction epiphysis—Greater trochanter 
3. Primary center—Junction of pubie and ischial rami, 


Each of these provided a single maturity indicator series, and the 
stages observed are illustrated in figure 2. 

The comparisons were made both by estimating the mean ages at 
which the various maturity stages were achieved by each group, and 
by plotting graphically the ages at which each of the boys showed the 
indicators in each of the three series, The numbers at each age were 
too few to apply tests of statistical significance ; nevertheless the fo]. 
lowing trends appeared to be fairly consistent, 


Articular epiphysis (head of femur). There was no suggestion of a 
difference in the mean age of first appearance of the center of ossifica- 
tion of the head of femur (Stage 1) among the three groups, nor was 
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there any difference in the ranges of these means. Thereafter, through 
Stage б. each of the three groups remained strikingly similar. However, 
whereas the mesomorphs on an average took only 36 months to pass 
from Stage 6 to Stage 7. the control group took 43 months and the 
ectomorphs 53 months. There was little suggestion of a difference in 
the times for each of the three groups to pass from Stage 7 to Stage 8. 


HEAD OF FEMUR 
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It seemed that within each of the three groups there was variation in 
rate. but in broad terms the fast and slow maturers followed channels 
which were more or less parallel to cach other. When the groups were 
contrasted. however. this was no longer true, Although the ages of 
first appearance of ossification and the attainment of Stage 6 were 
similar in each group. the prolongation of the time taken to pass from 
Stage 6 to 7 in ectomorphs. and the reduction of this time in meso- 
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PLATE Т. RADIOGRAPHS OF THE Haxps ОЕ Two 5-YEAm-Orp Boys, HAD A 
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WITH А SOMATOTYPE OF 261, WAS THE MOST MESOMONPHIC. Nore 


THAT THERE JS 
No DIFFERENCE IN THE SKELETAL MATURITY OF THE SHORT BONES OF THE HAND, 


ов or THE Rapis. HOWEVER, THE CARPALS OF THE MESOMORPH ARE DISTINCTLY 
MORE ADVANCED. 


Maturity seores by the Oxford Method (uneorrected) for these hands are: 


29 points H.N., 31 points 
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morphs, meant that the total time elapsing between first appearance 
and final fusion of the epiphysis was longer in the ectomorphs. But 
this difference could not be predicted by inspection of the center on 
the radiograph for Stages 1 through 6. 

Inspection of the hand films of the same boys suggested that what 
is true for the head of the femur may also be true for the epiphyses 
of the short bones of the hand. Plate I shows the hand of the 
most ectomorphie boy in the study (somatotype 117) compared with 
that of the most mesomorphie (somatotype 261) at the age of 5 years. 
There is no detectable difference between the maturity status of any 
of the epiphyses in the fingers or the wrist. However, when the same 
two boys had reached the age of 14 years, all of the epiphyses were 
already united in the hand of the mesomorph, whereas those of the 
ectomorph had not yet exhibited any suggestion of union (plate IT). 
In plate III, the hip joints of the same boys are shown, and it will be 
noted that the head of the femur is equally mature (Stage 4) in both. 


Traction epiphysis (greater trochanter). The greatest difference 
between mesomorphs and ectomorphs with respect to the greater tro- 
chanter was the time of first appearance of ossification. The average 
age at which ossification was first seen in the mesomorphs was 46 months 
and in the ectomorphs 51 months. The figure for the control group 
was also 46 months (Francis and Werle, 239, found that 74% of the 
Brush boys they studied had this center ossified by the age of four 
years) ; hence, the suggestion here is that appearance in the ectomorphs 
is delayed. However, by the time the three groups had reached Stage 
` 8, the ectomorphs appeared to have caught up, and the mean ages and 
range of variation at which Stages 3 through 5 were achieved were 
strikingly similar. There was a suggestion that final fusion may occur 
a little earlier in the mesomorph. Delay of appearance of this center 
in an ectomorph is well shown in plate ПІ, where there is no sign of 
ossification at the age of 5 years, whereas the mesomorph has already 
reached Stage 2 at the same age. 

Primary center (fusion. of ischial and pubic rami). It was in the 
fusion of ischial and pubic rami alone that a steady and parallel 
difference was maintained among the three groups throughout the 
maturation process. The mean age for reaching Stage 1 was 34 
months for the mesomorphs, 46 months for the ectomorphs, and 41 
months for the controls; and the ages for final maturity (Stage 4) 
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in this indicator series were 110 months, 120 months, and 116 months 
respectively. Тһе fusion of these two rami has no exact parallel in the 
hand, but it does represent ossification in a primary center. It therefore 
is interesting that ossification in the carpal bones of the mesomorphs 
seemed to be, on an average, slightly ahead of that of the ectomorphs. 
Such a difference can be seen in plate I. 

The material is not suitable for any trends to be sought in boys 
who are predominant in endomorphy. However, when Robinow (42) 
subjected the age-order of appearance of the centers of ossification to 
factor analysis, he found that there were three factors. Тһе first he 
identified with the round bones, the second with the articular epiphyses, 
whereas the third he was unable to name. It is not impossible that 
these factors may be identified with Sheldon’s three components. 
Nevertheless, it is important to realise that the trends we have described 
were slight, and that the analysis of more comprehensive data may 
show them to be false. 


Rate of Skeletal and Sexual Maturation in Boys Who Are Very Obese, 
as Reported in the Literature 

In the Oxford Child Health Survey studies were made of minor 
changes in rate of growth in stature, and in rate of skeletal maturation 
(Acheson and Hewitt, 754; Hewitt, Westropp, and Acheson, '55). Tt 
was suggested that if the genetically endowed “growth potential” of a 
child is accepted as the maximum number of units it can add to its 
stature for each unit gain in maturity, then at any time when the 
child’s rate of growth is slowed more than its rate of maturation, it 
fails to fulfill its growth potential. It was shown that poor home 
circumstances, and even minor illnesses, can interfere with the fulfill- 
ment of this growth potential. Wolff (255) reported observations on a 
group of 100 children who attended a pediatrie clinie in Birmingham, 
England, because of obesity; in only three did he find evidence of 
endocrine imbalance or any other gross pathological disorder. He put 
many of the remainder on a slimming diet, and in those cases in whom 
this treatment had the desired effect of reducing weight, the rate of 
increase of stature was also slowed. What is more, there was a direct 
relationship between the amount of weight loss and the decrease in 
rate of linear growth. This strongly suggests that the minimum 
amount of food these children require to fulfill their growth potential 
will at the same time make them obese. Whether or not the fulfillment 
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of growth potential in such cases is desirable, the facts suggest that 
the tendency to obesity in these children is constitutional, or, as Sheldon 
would put it, they are highly endowed with endomorphy. This con- 
clusion is supported by Stuart (755) who, when discussing obesity in 
childhood, wrote “there is a strong genetic predisposition to become 
obese . . . and this is commonly, though not necessarily, associated 
with such characteristics as being tall for age. . . .” 

It has already been pointed out that Todd deliberately omitted obese 
children from the main Brush Study group. We therefore decided to 
examine growth data of obese children in the literature in order to try 
to determine the contribution of Component I to the rate and pattern 
of skeletal maturation in childhood. In addition to the work of Wolff 
(255, 756), there are reports from Paris (Nobécourt, 87, 7388), New 
York (Bruch, 738), and Copenhagen (Quaade, 755) in which the 
authors publish eomprehensive anthropometric data, and conclude that 
endocrine imbalance is not the cause of obesity in their respective study 
groups; they suggest that the condition is more probably due to the 
constitution of the child, or to a tendency to overeat—or to both. Two 
hundred and twenty-eight boys were followed in these four centers, and 
when to these is added Stuart’s case (753), the data from 229 obese boys 


becomes available for analysis. 

1. Skeletal Maturation. Of the four main studies, Bruch's (738) 
alone makes any assay of skeletal maturation. She uses a radiograph 
of the hand as an index, and comparing this with Todd’s (37) 
standard, concludes that, on average; her obese children of both sexes 
are unusually fast maturers. It is pertient to point out that Todd’s 
standards were drawn from the same population as our present study 
group, and that they represented the mean rate of maturation for all 
Brush children examined up to 1935. "Therefore, it is probably legiti- 
mate to conclude that Bruch’s endomorphie Ameriean boys showed a 
faster rate of skeletal maturation than our own relatively endopenie 
group of American boys, this despite the fact that the New York children 
came from a much lower economie stratum than the Cleveland children. 


2. Sexual Maturation. lt has been shown repeatedly (Flory, 36, 
Shuttleworth, 738, Buehl and Pyle, ^42, Tanner, 755, etc.) that skeletal 
and sexual maturation are intimately related. Therefore, since precise 
details of the time of appearance of the pubie hair are available in all 


four groups, the rate of skeletal maturation ean be deduced by esti- 
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mating the age of onset of puberty. In presenting their data, Nobécourt 
(38) and Quaade (755) use as controls children they themselves have 
observed in the cities where they practice. Wollfi’s (255, 756) controls 
also come from the same city as his Study groups, but were seen, not 


TABLE 4 


The percentage age-incidence of appearance of pubic hair in 159 obese boys 
(reported. in the literature) 


NOBECOURT '38 BRUCH '38 QUAADE '55 WOLFF 755,750 
AGE Obese Control Obese Control Obese Control Obese Control 
10- — — 0 9.1 0 50.0 Age 
(10) (11) (40) (4) (years) 
11- 18.2 0 50 T2 7.9 44.4 
(11) (10) (4) (14) (03) (9) 
12- 9.1 0 33 41.7 15.2 50.0 25 11.9 
(11) (12) (9) (12) (59) (10) 
13- 15.3 41.7 46.2 53.8 50 12.9 
(13) (12) 100 (13) (52) 
(3) 100.0 75 14.0 
14- 37.5 70.0 100.0 84.6 (3) 
(8) (10) (1) (52) 
15- 66.7 80.0 100.0 100.0 
(9) (5) (6) (25) 
16- (727 100 
17- (1) (1) 
Total 
No.of 50 50 26 0 57 291 26 664 
Cases 


Figures in parentheses denote the number of observations at each age. Bruch 
uses no controls, and Wolff's controls are taken from a study of 064 school boys 
in Birmingham, England by Hogben, Waterhouse, and Hogben '48, Nobécourt, 


whose data are partly longitudinal, and Quaade provide controls from the records 
of children they have examined themselves. 


by himself, but by Hogben, Waterhouse, and Hogben (748) and their 
co-workers. Bruch (738) used по control group in he 
sexual maturation. 

The results of these studies are summarised in table 4, where it 
will be seen that in each of the controlled groups the obese boys show 
signs of puberty early, and that there is a higher incidence of pubertal 


T discussion of 
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changes among Bruch’s boys aged 11- and 19- than in any of the 
control groups. This general indication that early puberty may be 
associated with childhood obesity is supported by comparing the figures 
in table 4 with those reported by Tanner (755) for 188 British military 
cadets whose mean endowment of endomorphy was as low as 3.09. 
He found that only 19.8% of them had pubic hair by the age of 12 
years and 58.3% by the age of 13. 


3. Growth Curves. Another approach to this problem is to compare 
the growth curves of the various groups of boys. Faster than average 
skeletal maturation is associated with an early pre-pubertal growth spurt. 
In boys the effect of this is to make the average stature of early maturers, 
aged about 8 to 11 years, greater than that of a group of slower maturers 
of the same age. Mean growth curves of the four groups of obese boys 
are compared with the controls chosen by the respective authors in 
figure 3. Nobécourt (’37) and Quaade (255) again provided their own 
controls, and Bruch (738) compared the stature of her boys with the 
tables of Burgess (287). Wolff (255) used two different sets of controls 
in his paper, one a group of American boys and the second the sons 
of well-to-do British parents studied by Widdowson (47). Because 
they were racially more similar to Wolff’s group, the latter were used 
for the present purpose. It should be borne in mind that these controls 
more favored than Wolff’s study group, and therefore 
latter might have over controls living in an 
d not necessarily be apparent. Nevertheless, 
or the Danish group, the obese boys age for 
what taller than the controls, the dif- 
ference being maximal between the 9th and 11th years; then their lead 
falls off, until by the age of 13 years the controls have caught up and 
passed the obese groups. Stuart’s (755) case (not shown in figure 3) 
follows the same pattern. р 

In figure 4 mean stature for age for all the 229 boys is compared 
with that of the 22 most predominant ectomorphs and the 27 most 
predominant mesomorphs in our own study group. This also shows 
that obese boys apparently mature more rapidly and that they appear 
to become smaller adults. This is consistent with Sheldon’s own data 
(Sheldon, Stevens and Tucker, 40), as is demonstrated in table 5. 


were economically 
any height advantage the 
identical environment woul 
it will be seen that, except f 
age become progressively some 
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?'The Copenhagen percentages ате estimated from a regrouping of Quaade: 


(55) data. 
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TABLE 5 


The mean adult stature of groups of men Showing a rating of over 5 in each. 
of the somatotype components 
(Computed from the data of Sheldon, Stevens, and Tucker 740) 


NUMBER MEAN STATURE 

COMPONENT OF CASES (IN INCHES) 
F (Endomorphy ) 516 67.94 
II ( Mesomorphy ) 1,046 68.42 
III (Eetomorphy) 862 70.46 


With the possible exception of Bruch’s data, none of these studies 
taken by itself shows a relationship between endomorphy and rapid 
skeletal maturation which is statistically Significant. Nevertheless, there 
is a consistent trend for the fastest maturers to be found among boys 


DISCUSSION 


Interpretation of Findings 

The Brush Foundation data are probably the best suited of all the 
growth studies so far completed for an analysis of this type. It has 
been shown repeatedly that adverse enviroment can slow skeletal matura- 
tion (Stettner, 220, 221; Greulich, 751; Beresowski and Lundie, 259; De 
Wijn, 753; Greulich, Crismon, and Turner, 753). Adverse environment 
can also cause a dissociation of the relationship between skeletal matura- 
` tion and growth, and therefore bring about stunting (Acheson and 
Hewitt, 94). Since the Brush children were all from prosperous 
Cleveland homes, the economie environment was probably as constant 
as it is ever likely to be in any growth study. Nevertheless, different 
environmental effects almost certainly were experienced by the children. 
For instance, it was shown in the Oxford Study that the ordinary inter- 
current illnesses of childhood could eause а dissociation of the relation- 
ship between skeletal maturation and growth, and this was similar to 
that caused by poor economie cireumstances, Furthermore, there was 
no indication that a child so affected made апу compensation for this 
stunting up until the age of 5 years (Hewitt, Westropp, and Acheson, 
255). Stuart (756), па longitudial study оға &roup of Boston children 
at the Harvard School of Public Health, has accumulated some evidence 
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suggesting that emotional disturbances шау be associated with or fol- 
lowed by delays in the progress of physical development. In one boy, 
а marked psychological reaction to his mother’s death and to the 
resulting broken home was followed by profound retardation in his 
physical growth and adolescent development which extended over a 
number of years. Тһе Brush children certainly suffered childhood dis- 
eases, and some of them were also subjected to emotional disturbances. 
Unforunately the records are not suitable for a detailed analysis of the 
influence of these factors, but we must assume that in many of the 
children interference with development did occur. 

In this paper we have assembled evidence which suggests that there 
is a relationship between physique and rate of maturation. This 
relationship is presumably genetically determined, but even in such 
highly selected material it must have been progressively masked and 
distorted by the insults and stresses of the environment. АП the evi- 
dence suggests that this distortion always takes the form of slowing 
down maturation and slowing down the growth rate even more—that 
is to say, reducing final adult height. 'Thus, upon the basie genetic 
tendency for slow maturation to be associated with great adult height 
is superimposed environmental tendency for slowed maturation to be 
associated with stunted adults (the word “stunted” being used in a 
Comparative sense). Except in the case of children who show opaque 
lines at the metaphyses of their long bones on the radiograph (Harris’s 
Lines), it is unfortunately impossible, at the moment, to distinguish 
between the naturally slow maturer and the slowed maturer. We have 
already shown that the naturally slow maturer is often predominantly 
ectomorphic. The position of any point in the scattergram in figure 1 
could therefore depend on two factors. Тһе first is the amount of ecto- 
morphy in the individual's make-up ; à considerable amount of this would 
tend to put him in the bottom right hand corner of the chart. Тһе second 
is the effect the environment has had upon him (this in turn depends both 
upon the severity of his experience and his ability to withstand this 
experience) ; stresses of this type would tend to put him in the bottom 
left hand corner of the chart. Thus the mesomorph presumably appears 
In the top left hand corner of the chart, because he lacks the slowing effect 
Which is associated with ectomorphy, and because he has not shown 
undue ill effects from his experience with his environment. Certainly, 
the mean value of 2.02 for ectomorphy in the mesomorphs of our group 


18 very low. Тһе computation of partial linear regressions in our 
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material showed that a moderate endowment of endomorphy contributed 
little to the general rate of skeletal maturation as calculated in this 
study, so that Component I has evidently had little to do with the 
location of the points in figure 1. This is not, at first sight, consistent 
with our review of the literature, from which we concluded that the 
fastest maturers of all may be found among those with a high endow- 
ment of endomorphy. 

This apparent inconsistency may be due to several things. To begin 
with, the regressions between rate of maturation and physique may not 
be linear, but may take a more complex form. Second, a true expression 
of the rate of maturation presents a difficult fundamental problem. 
The construction of the index we have used rested on the hypothesis, 
previously widely accepted, that the rate of maturation in the majority 
of individual children bears a constant relationship to the mean rate 
of maturation. It was realised from the outset that this hypothesis 
would be false in those children who suffered a setback in physical 
development through illness or some similar cause. Our finding that 
the rate of maturation in each indicator series may vary according to 
physique suggests that there may also be cases in which, because of 
physique, the index may not reflect the whole truth. Nevertheless, this 
fortifies our conclusions, for trends which have been detected with a 
clumsy instrument will often become obvious relationships when delicate 
techniques are evolved. 


Application of Findings 

One of the principal purposes of all growth studies has been to try 
to learn enough of the factors controlling physical development to enable 
the physician to evaluate the developmental status of an individual child. 
It has long been realized that height for age tables or weight for age 
tables are inadequate for this purpose. However, Wetzel (?41), by 
combining the three variables (height, weight, and age) produced a 
simple chart which was a definite step forward. If our present findings 
are valid, somatotype assessment and knowledge of skeletal maturity 
status of the child can also be powerful aids to the pediatrician in the 
diagnosis of minor deviations from the healthy patterns of physical 
development. 

By expressing a child's height in terms of its skeletal maturity status 
at any age, a prediction of its adult height can be made. This procedure 
is the basis of the height prediction tables of Bayley and Pinneau (752), 
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and of Bayley's (56) more recent growth curves. However, the present 
data suggest that we can go further than this. Supposing that endo- 
morphy is associated with rapid maturation and rather short adult 
stature, we can then allow for this when we are trying to decide 
whether a fat boy is growing normally. It is interesting to note that 
when Bruch (738) plotted “height age” against “skeletal age” for 
obese boys, she found it to be below average, although both stature and 
skeletal age when plotted against chronological age were above average 
In this way she showed that her study 


for the same group of boys. 
but that they were 


group were growing quickly and maturing quickly, 
going to be small adults. 

Probably the best example of these principle: 
the delicately constructed, ectomorphie boy. Because he is highly 
endowed with the third somatotype component, there would be no need 
for concern if he were found to be maturing rather more slowly than 
average, nor would it necessarily be disturbing to find that his stature 
were rather less than that of children of the same age. However, if 
his stature was plotted against his skeletal maturity status and found 
to be less than average, this finding would strongly suggest faulty 
growth. Ectomorphy seems to be associated with greater than average 
adult stature, and therefore an ectomorphie boy should be taller than 
the average ‘for his skeletal maturity status throughout the entire 


developmental period. 
Ideally, it should be p 


s would be the case of 


ossible to draw up tables in which stature 
predictions can be made for all ages. allowing for all these variables. 
At the moment, however, there are far too many unknown factors for 
this project to ‘be undertaken. Figure 1 shows that there is a wide 
Variation among the ectomorphic and mesomorphie groups themselves. 
Part of this variation is certainly due to the environment, but there 
may be other factors as well What is the effect of race? There is 
some evidence that the southern Italian woman matures more quickly 
than the Seandinavian woman, for instance. Is this simply because the 
former are usually highly endowed with endomorphy and the latter 
more ectomorphie in build, or does their ethnie pattern of itself con- 
tribute to the difference? Can climate have a direct effect on growth 
patterns? Again, it has been shown that adverse environment affects 
the development of the sexes differently, and that the temporary effect, 
at least, is more profound upon the boy than it is upon the girl 
(Greulieh, 251; Greulich, Crismon, and Turner, 53; Acheson, Hewitt, 


190 ROY M. ACHESON AND C. WESLEY DUPERTUIS 


Westropp, and Macintyre, 56). Does the resilience of any individual 
boy depend upon the amount of any single somatotype component, or 
even upon a reasonably equal distribution of all three components ? 
Until these questions can be answered there seems to be little point in 
attempting to improve upon the standards of Wetzel (’41) or of Bayley 
(86). Nevertheless, it may be helpful to bear in mind the possible 
effect of physique when making a clinical appraisal. 


SUMMARY 


One hundred and twenty-eight boys, originally followed in the Brush 
Foundation Growth Study, were again seen in 1951. Each had his 
height and weight recorded and was photographed for somatotyping. 
Their skeletal maturity, together with that of 97 other Brush boys, 
amounting to a total of 225 in all, was assessed, by the Oxford Method, 
from serial radiographs of hip and pelvis. When the boys who were 
somatotyped were divided into four groups according to rate of skeletal 
maturation during the growing period, it was found that the linear 
regression between Component III (ectomorphy) and rate of matura- 
tion differed significantly from zero, Component III being highest among 
the slow maturers. There was a tendency, which was not significant, 
for Component I (endomorphy) and Component IT (mesomorphy) to 
be higher among the faster maturers. 

When the 22 boys with over 5 in Component III were compared with 
the 25 boys with over 5 in Component II, it was found that the former 
were significantly taller and slower maturing than the latter, А detailed 
comparison was made between the maturational time-pattern in an 
articular epiphysis (head of femur), traction epiphysis (greater tro- 
chanter), and primary center (junction of pelvic and ischial rami) in 
the extreme ectomorphs and extreme mesomorphs. The numbers were 
too few at any age for statistical analysis, but it seemed that these 
time-patterns did vary with physique. 

A critical analysis of the literature suggested that the fastest 
maturers may be found among those with a high endowment of Com- 
ponent I. 

It is concluded that there is some basic relationship between physique 
and skeletal (or sexual) maturation, which is genetically controlled. 
However, it is emphasized that this relationship is masked and distorted 
by the effects of the environment. Finally, it is suggested that con- 
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sideration of physical build may be of aid to the physician in his 
attempt to diagnose deviations from normal patterns of growth and 


skeletal maturation in children. 
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THE EFFECT OF SEX, BIRTH RANK AND BIRTH 
WEIGHT ON GROWTH IN THE FIRST YEAR 
OF LIFE? 


BY EVA J. SALBER? 


ROWTH in the first postnatal year, of babies of the four racial 
Gr groups attending municipal child welfare clinies in Durban has 
been discussed previously (Salber, 57). This article analyses the effect 
of sex, birth rank and birth weight on that growth. 


MATERIAL USED AND METHOD OF ANALYSIS 


The same sample of babies is used here аз was used in the previous 
paper, but the children are divided into Rank 1 (first-born) and Rank 
2-- (later born), the numbers being: 


EUROPEAN RANK 1 RANK 2-- TOTAL 
Male 458 658 1116 
Female 417 563 980 
Total 875 1221 2096 

COLORED 
Male 79 205 284 
Female 85 210 295 
Total 164 415 579 


1This paper forms part of the material of an M. D. Thesis, University of 
Cape Town. 

? Formerly Department of Medicine, University of Cape Town and Institute 
of Family and Community Health, Durban. 
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BANTU RANK 1 RANK 2+ TOTAL 
Male 182 446 628 
Female 150 525 675 
Total 332 971 1303 

INDIAN 
Male 80 179 259 
Female 70 180 250 
Total 150 359 509 


_ The European babies are also divided into 5 different groups accord- 
Ing to their weight at birth: 


Up to 4 lbs 15 02 

5 lbs 0 oz to 5 lbs 15 oz 
6 lbs 0 oz to 6 Ibs 15 oz 
7 Ibs 0 oz to 7 lbs 15 oz 
8 lbs and over. 


Mean weights and standard deviation are worked out for each week 
of life from 2-52 weeks for boys and girls, Rank 1 and 24- separtely 
Ih each birth weight group. 

Since there are insufficient data on birth weights for the non- 

uropean groups and their numbers of first born babies attending 
clinic are also small, it is possible to analyse the effect of rank and 
birth weight in detail, and to graph the results only for the European 
Бтоцр. 

Rates of growth 
Rank 1 and Rank 2-L separately. These are shown at four-week 
tervals and are also expressed as number of ounces gained per week. 


(increments) are also presented for boys and girls 


RESULTS 
„А Efect of Sea on Growth. 


1. Mean Weights during the Year. 
Tables of mean weights at each week of life from 2-52 weeks for 
each of the racial groups. boys and girls separately, have been shown 
already (Salber, 257) and do not need to be repeated here. The boys’ 


196 EVA J. SALBER 


weight are higher than those of girls throughout the year but this is 
to be expected because boys weigh more than girls at birth. However, 
the difference between them is greater at the end of the year than at 
the beginning of the year (table 1). 


TABLE 1 


Weight differences between boys and girls of four racial groups at selected ages 


13 weeks 26 weeks 39 weeks 
3 weeks (3 mths) (6 mths) (9 mths) 50 weeks 
BOYS-GIRLS (lbs) (lbs) (lbs) (lbs) (Ibs) 
European 0.39 0.66 1.03 1.06 1.34 
Colored 0.40 0.91 1.24 1.34 1.21 
Bantu 0.32 0.79 0.99 1.33 0.87 
Indian 0.63 0.97 1.64 1.17 0.54 


Examination of this table reveals that the difference in weight 
between boys and girls at three weeks is almost the same for European, 
Colored and Bantu, with Indians having the greatest difference. At 
50 weeks difference is greatest for Europeans and least for Indians. 
European boys’ weight rise steadily above those of girls throughout 
the year, Colored boys do the same until 39 weeks with a slight decline 
thereafter. The weight difference between Bantu girls and boys is less 
marked than for Colored until 39 weeks when it is the same, but after 
that the Bantu decline is steeper. Indians show the greatest weight 
disparity between boys and girls of all the racial groups up to 26 weeks, 
followed by an equally sharp drop thereafter so that at 50 weeks they 
have the least difference between boys and girls of all the groups. 


2. Shape of Growth Curves. 


Тһе effect of sex on growth can be studied most simply by examina- 
tion of the graphs of growth in the first year of life (Salber, 757) and 
by superimposing the graph for the girls on the graph for the boys in 
each race group. In general the shape of the growth curves in the first 
year of life is similar for boys and girls. 


European. Growth curves of boys and girls run parallel to each 
other up to 10 weeks of age, after which there is а very gradual increase 
in the difference between them until the end of the year, with the boys 
consistently putting on slightly more weight. 
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Р е Boys weights start rising faster than girls from two weeks 
od ор a gradually increasing difference up to 33 weeks, after 
nee пе gap narrows very gradually but not sufficiently to enable the 
5 o catch up to the boys by the end of the year. 

kd Bantu. Curves of growth of boys and girls are parallel up to 6 weeks, 
| en the difference between boys and girls gradually increases up to 
about 6 months, weight of boys being greater than of girls. From 6 
months till about 44 weeks there is no further increase in difference 


betw : 
ebween the sexes, and after 44 weeks the gap narrows until at 49—50 
weeks ср. x 4 а " 3 

weeks the difference in weights between boys and girls is virtually the 


same as at the beginning of the year. 
Indian. Growth curves of Indian boys and girls are parallel to each 
other up to 7 weeks, from 7 to 92 weeks the difference narrows until by 
51 weeks the difference is the same as at the beginning of the year. 
that non-European boys grow faster than girls 
and girls faster than boys during 
ver, consistently grow faster 


In general it appears 
during the first 6-8 months of life, 
the rest of the year. European boys. hows 
than girls throughout the year. 


3. Rate of Growth (increments). 

Tables showing rate of growth for boys and girls separately at four- 
жеді; intervals were shown previously and commented on. (Salber, 57). 
The effect of sex рег se on growth rate is now diseussed. 
nsistently higher for boys from 2-52 
th rate is not as marked during the 
tof the year. The total gain 


European rate of growth is co 
Weeks, but the difference in grow 
Period 20-32 weeks as it is during the res 
ln weight for the sexes is as follows: 

TOTAL GAIN BOYS GIRLS 
9-59 weeks 14.69 lbs 13.97 lbs 
ys than girls for most of the 


is higher for boy 
girls appear to grow 


Colored rate of growth 
ith slight irregularities, 


Year, but from 36 weeks, W 


faster than boys. 
TOTAL GAIN BOYS GIRLS 
2-52 weeks 13.05 lbs 11.46 lbs 
Bantu growth rate is higher for boys than girls with the exception 
_48 weeks when girls grow faster. 


of the period between 40 
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TOTAL GAIN BOYS GIRLS 
9-59 weeks 14.30 lbs 12.64 lbs 


Indian boys grow faster than girls from 2-32 weeks, but from 32 
weeks onwards girls grow faster than boys. 


TOTAL GAIN BOYS GIRLS 
2-52 weeks 11.62 lbs 11.91 lbs 


The same point emerges once again—the effect of sex on growth is 
not quite the same in the European and non-European races. In the 
non-European races there seems to be a period late in the second half 
of the first year during which the girls grow faster than the boys. 
Among Europeans this is not so, and boys grow consistently faster 
than girls. 


B. Effect of Birth Rank on Growth. 


Only in the European group are there sufficient data to analyse the 
effect of rank on growth fully, as the numbers of Rank 1 babies in the 
other groups are inadequate for analysis for half the year. 


1. Europeans. 


(a) Figures of mean weights from 2-52 weeks for ranks separately 
(Salber, 757) and chart 1 show that in European babies the rate of 
growth of Rank 1 (first born) babies, both boys and girls, is greater 
than that of Rank 2+ babies, since, although they start life with a 
lower birth weight (Salber and Bradshaw, 51), they end up heavier 
at the end of the year. 


(b) At two weeks, Rank 1 girls weigh 0.49 Ibs less than Rank 2-- 
girls, but they overtake Rank 2-- girls at 21 weeks and by 52 weeks 
are 0.38 lbs heavier. This means that from 2-52 weeks Rank 1 girls 
have actually gained 0.87 lbs more than Rank 2-- girls. 


(с) At two weeks, Rank 1 boys weigh 0.21 Ibs less than Rank 2-- 
boys, and do not overtake them until 42 weeks, but by 52 weeks they 
are 0.47 lbs heavier, thus gaining 0.68 lbs more during the year than 
Rank 2-++ boys. 

2. In the Colored group, information on Rank 1 babies is only avail- 
able up to 27-28 weeks. By this time Rank 1 boys have not overtaken 
Rank 2-- boys. Rank 1 girls, however, overtake Rank 2-- girls at 
17 weeks. 
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ma berg group has information on Rank 1 babies up to 37-38 

жш d. х | Ваши boys overtake Rank 2+ boys at 17 weeks, 
as Rank 1 girls overtake Rank 2+ girls at 29 weeks. 

" = group information on Rank 1 babies is complete up to 

525 е uring this period the first born boys have not overtaken 
orn boys but the girls have done so at 24 weeks. 
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(European Girts лхр Boys SHOWING 


R 5. In general, Rank 1 girls overtake Rank 2+ girls faster than 
om 1 boys overtake Rank 2+ boys. In the Bantu group, however, 
E е position is reversed with Rank 1 boys overtaking Rank 2+ boys 

Sooner than do the girls. 
ur. Examination of rates of growth 
HN in each racial group the gain per we 

Rank 24 babies. 
сі 7T. In European, Colored and 
T ba between the ranks is gre 
antu the difference appears to 


(tables 2a and b) also show 
ek is greater in Rank 1 ihan 


Indian babies the difference in rate 
ater for girls than for boys, but in 
be greater in the boys. 
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C. Effect of Birth Weight on Growth. 


Sufficient information on birth weight is available in the European 
croup only (in the other groups birth weight is unknown for 1-8 of 
each group). 'The European group is divided into 5 birth weight groups 
as mentioned earlier, but since the numbers of cases up to 4 lbs 15 oz 
in weight and 5 lbs 0 oz to 5 lbs 15 oz are too small for separate analysis, 
these two groups are combined. ‘Table 3 shows the mean weights, boys 
and girls separately, for the different birth weight groups, all ranks 
combined. 

From charts 2 and 3, which ате the pictorial representation of 
table 3, it can be seen that: 

1. Because of their superior birth weight, heavy babies at birth are 
heavier at the end of the year than babies who are light at birth. 
This is seen in each successive birth weight group. 

9. Dirth weight appears to have no effect on the gain in weight 
during the first year. 

3. This means that the rate of grow 
lighter babies. 


4. These remarks apply equally well to both boys and girls. 


th is relatively greater for 


DISCUSSION 
Effect of Sex on Growth in First Postnatal Year. 


Almost all investigators of postnatal 
for boys and girls and invariably the boys’ 
of the girls. This may be because bo 
or because they actually grow faster, 
play a part. 

Simpson (752) and Hammond (52) both found that boys gained 
on average 1 lb more than girls during the year. 

Thomson (724) shows that in addition to gaining weight more 
rapidly over the year, the pattern of weight gain in boys is different. 
They appear to forge ahead more rapidly in the first 12 weeks than 
subsequently. Thompson (754) points out that although male infants 
are larger than female infants of the same age and although their 
growth increments tend to be larger, the pereentage rate of growth 
does not in general differ significantly in the two sexes. Hill and 
Magee (738) also found that though the weight increment of boys 


growth give separate figures 
weight are greater than those 
ys weigh more than girls at birth, 

In fact, both factors appear to 
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TABLE 3 


Mean weights (in pounds) of European infants from 2-52 weeks 
All ranks according to birth weight 
— 4 and 5 G 7 8 
ей Boys Girls Boys Girls Boys Girls Boys Girls 
2 

3 7059 101 779 1.62 3.93 8.73 
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of the superior birth weight of the boys but the total gain of weight of 
Indian boys and girls is almost the same from 2-50 weeks and, if one 
can accept the 52 weeks figure, is actually greater than that of the boys 
from 2-52 weeks. Bantu still show a difference in favor of boys in 
total gain from 2-50 weeks of about 3 lb and Colored about 1 lb but 
there is no question of the direction of the growth and it would seem 
that if one could follow these children into the second year of life one 
might find the girls to be actually heavier than the boys. 


TABLE 4 


Comparison of weight differences of boys and girls at successive periods 


3-13 weeks — 13-20 weeks 96-30 weeks 29-50 weeks 
(1b) (1b) (1b) (1b) 


European 27 +.37 +.03 +.28 
Colored +.51 +.33 +.10 —13 
Bantu +.47 +.20 +.34 — 46 
Indian +.34 +.67 —AT = 


+ Boys grow more rapidly than girls. 
— Boys grow less rapidly than girls. 


Phillips (53) in a study of South African nursery school children 
(European and Bantu) found that unlike the European, Bantu girls 
were superior in weight though not in height, to Bantu boys. He also 
quotes a study by Robertson (^52) where Bantu pre-school girls were 
heavier and taller than boys. Kark (52) discussing Bantu school 
children in Pholela also found when he compared them with European, 
American, and White South African figures, that the Pholela boys were 
somewhat more retarded in stature and weight than the Pholela girls 
and had a higher incidence of clinical signs of malnutrition. 

It would be most interesting to see whether the same remarks apply 
to Colored and Indian pre-school and school children, if the information 
were available, but even on Bantu data only, it is possible that girls 
start growing faster than boys from some point in the first year of life, 
and it is possible that the differences in rate of growth of Indian boys 
and girls would be found to be even greater if follow-up studies could 
be done. 

Тһе reason for this difference in growth rate in non-Europeans can 
only be speculative at this stage. We know that boys are biologically 
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inferior to girls at least as far as mortality rates are concerned. It is 
quite possible that in adverse conditions, girls do better than boys as far 
as growth is concerned. In this connection it is most interesting to see 
that the Indian infants whose diets and general rate of growth in the 
first year of life are the poorest of the four races, show the increased 
rate of growth of girls at an earlier age than that shown by the Bantu 
and the Colored. 


Effect of Birth Rank on Growth. 
Wardlaw and Dart (732) remark on the unique position which the 
first born male of a family occupies in the social organization of many 
peoples, and are surprised that differences between first and later 
children are so infrequent in literature dealing with growth of children. 
In the biblical writings there are, indeed, many instances in which 
the expression ‘ first born? is used to connote the possession of superior 
or outstanding qualities of some kind. But no clue is given to the 
nature of the qualities which the first born, in the literal sense, might 
be supposed to show. Any distinguishing qualities of the first born 
male which may exist have been obseured by the fact that only approxi- 
mately half the total number of first born males are first children. The 
occurrence of first born female children is usually not taken into 
account,” 
A summary of their findings or 
of breast fed babies and their orde 


“ т қ = - 
The earlier infants of a moderat 


than those born later. 2 
“ For breast fed infants a similar relation between weight and order 
of Lirth holds up to an age of about six months. 
“The growth of the infants of primiparae tends to be retarded more 


during the first four weeks of life than the growth of later children. 
“The relatively heavier, later children of a family have available 
а more plentiful supply of breast milk than the earlier, lighter children.” 
| Pearson (214) states that “the growth of the first child is hampered 
РУ conditions which exist to a far less extent for the following births. 
However, desipte this handicapping, there is evidence to suggest 
that first children grow better than later porn children, at least in the 


tst year of life. | 
Meredith (250) reviewed the literature on birth order and body size. 


1 the relationship between the weight 
r of birth is as follows: 


e sized family tend to be lighter 
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He quoted Schmid-Monnard (799) who found that the relationship 
between birth order and body weight became reversed during the first 
postnatal year. Children of “old pluriparae? were heavier in early 
infancy than those of “young primiparae” but the latter were heavier 
in the second half of the first year. Meredith concludes that the avail- 
able evidence in late infancy and childhood shows that body weight is 
inversely related to birth order. 

Hewitt and Stewart (752) found that parity was an important source 
of variation in birth weight and subsequent weight gain. Тһе birth 
weight of first born babies was distinctly below average, but by the end 
of the year these babies were slightly heavier than subsequent babies. 

MacKinlay (26) investigated working class families in slum areas 
of Glasgow. With regard to position of a child in the family and its 
weight and height, his findings were that infants of the first and those 
over the eighth pregnancy, were lighter and shorter than those of the 
in-between pregnancies. “Тһе inferiority of the first born, however, 
is replaced at the end of the year by a definite superiority both in height 
and weight, while that manifested in the early months by the last born 
of families over eight is still apparent at the end of the year.” 

MacKinlay says that maternal morbidity is most frequent in first 
pregnancies and the high incidence of deformed pelves in a slum 
community magnifies the dangers of parturition. The difficulty and 
length of a first labor is associated with greater shock to first infants. 
But, as the age of the mother increases, and with it, the number of 
pregnancies, the environmental conditions change, and infants of later 
pregnanices may be born in over-crowded houses, in conditions of 
poverty and with exposure to infectious diseases more likely. First 
children, despite their low initial birth weight, may be expected to 
overcome their deficiencies if they receive good care, whereas later born 
childern, particularly’ in big families of low income, would of necessity 
get less care, and МасКішау considers that the relationship of weight 
in infancy to the position of a child in the family is a secondary result 
of the efficiency with which the mother supervises her infant. 

Hammond (752) showed that later born children, especially girls, 
had a lower increase in weight in the first year. First.born babies of 
both sexes gained more weight in the first year than the second, third 
and fourth born. 

Cawley её al. (254) also found positive correlations at birth between 
weight and birth rank (and between length and birth rank)—these 


\ 
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correlations were rapidly eliminated after birth and at two years had 
become negative. These authors agree with MacKinlay in attributing 
the reason for this negative correlation to be the association between 
place in family and socio-economic circumstances. First born children 
are more favorably placed than later born because well-off parents have 
small families and because poor parents are better off at the birth of 
their first children. 

The present findings confirm tl 
although they start life with a lowe 
babies and end up heavier at the end of the year. 
in both- boys and girls. 

Although data for non-European groups are insufficient for full 
analysis; the same results apply. In European, Colored and Indian 
babies, first born girls overtake later born earlier than first born boys 
overtake later born boys. Іп the Bantu the position is reversed for 
boys and girls. I can find no explanation for the difference in this 


respect. 


he evidence that first born babies, 
r birth weight, overtake later born 
This result is found 


Efect of Birth Weight on Growth. 

Mlingworth et al. (49) demonstrated that birth weight had a con- 
stant and very important relationship to subsequent weight at all ages 
Studied from 4-18 years. Throughout childhood the child who was 
small at birth weighed less than the child who was big at birth. 
Illingworth (250) in another study of children up to three years of age, 
found that the same rule held. For example, his average male child 
Who at birth weighed 9} lbs or more, weighed more at one year than 
the child whose birth weight was 5j lbs or less, weighed at two years. 

Lowe and Gibson (253) found the mean weight at the third birth- 
day to be closely related to birth weight; the correlation between them 
(with birth order and duration of gestation held constant) being +-0.49 
for males and 4-.50 for females. 

? Drillien (^48) also found that at any given age (up to four years) 
Average weight rose steadily with increasing birth weight. 
- Cullumbine (753) investigating the health of а tropical people |; 
B the same results for the children o In one d 
PR Children the weight at birth was posi elated wi ho 
p uhi at 15 months r= 4-0.468, at three year 4-0.496 an a 
Years r — --0,498 | 
Parfit C51) fa Ф _ailar results in the first year of life—namely, 


f Ceylon. 
tively corr 
s r= 
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that children mantained their relative weight position at the end of the 
year according to their weight at birth. She makes the point, however, 
that the weight actually gained from birth was the same for babies of 
all birth weights. The rate of growth was greater for small babies 
than for large. 

Similar conclusions on the lack of association between gain in weight 
and birth weight were reached by the Divisional Medical Officer, Lan- 
савһіге County Council (50), by Simpson (752) and by Hammond (259). 

Norval e£ al. (751) state that the observation of the weight at the 
end of the year being dependent on the weight at birth is a very old 
one, and quote Camerer who showed this as early as 1893. They make 
the point, however, that with the same amount of weight gain in two 
children, the smaller child will have a larger percentage ‘increase in 
weight. They found additional evidence by correlating birth weight 
with absolute gain of weight during the year. In both boys and girls 
the regression was negative; that is, the amount of growth js larger 
for smaller children than for larger children. 

Hill and Magee (738) also agree that lighter babies have a relatively 
greater increase in weight gain than heavier babies. For instance, 
between the 4th and 28th week the lighter babies (male and female) 
rather more than doubled their birth weight, whereas the heavier group 
increased by 86%. Between the 28th and 52nd week the lighter group 
increased by 36% for males, 33% for females, and the heavier group 
by 27% and 31%, respectively. 

Herdan (754) says that the relationship between birth weight and 
subsequent weight is not constant but decreases with increasing age; 
which is to be expected since in the early stages of life body weight 
exceeds birth weight by only a small amount, but as weight increases 
with age, birth weight becomes relatively smaller and sn important 
compared with additional weight after birth. At three years of age 
he assesses the effect of birth weight as accounting for not more than 
2596 of the variation in subsequent weight. 

Thomson (754) states that “it is wrong to say, and still worse to 
teach, that infants double and treble their birth weight at a fixed age.” 
Thus he agrees with Parfit who made the same point in her investiga- 
tion. The Divisional Medical Officer’s Report referred to previously 
gives a table of expected weights at one year, which certainly shows 
this rule to be inaccurate. 

Hahn (555) found that two-thirds of the infants he surveyed com- 
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BOOK REVIEWS 


The Longitudinal Study of Individual Development. Ву Lzrawp ll. 
Srorr. 115pp. The Merrill-Palmer School, Detroit, 1955. $2.75. 


There are two basic approaches in studying growth and development: 
One is cross-sectional where large numbers of individuals are measured 
for some factor at a particular age; data so obtained provide informa- 
tion, usually in the form of ‘norms,’ on the status of ihis factor at 
certain fixed ages. Тһе other is the longitudinal approach where the 
same individuals are measured and followed over а number of years. 
This approach to the study of growth is more satisfaetory for it gives 
valuable information about individual variations in the growth patterns 
of children and, most of all, provides data on the velocity of develop- 
ment. Not everyone is convinced of the efficacy of the longitudinal 
approach, for such studies are expensive to run, large quantities of data 
are collected, some considerable time is often needed to await results, 
and it is not always easy to keep in contact with the same children. 
The fact remains that there are many problems which can only be studied 
longitudinally and it is necessary to fight for its use. In making а 
ease for the advantages of the longitudinal study, one important aspect 
is often forgotten: this is its teaching value. 

In writing this book, Dr. Stott clearly had this in mind. "Training 
in Child Development offered at the Merrill-Palmer School requires 
the student to follow a partieular child over a number of years. 
Emphasis is placed on the “whole child? and an attempt is made to 
study all general factors concerned in his development. Dr. Stott 
presents to the student various methods and techniques useful in 
evaluating this highly complex process. The most valuable feature of 
the book is that, in discussing the methodology in general, he empha- 
sizes the necessity for critically evaluating the various techniques. The 
actual presentation of the techniques for appraising developmental status 
and progress is fair, clear, and concise. 

At the outset Dr. Stott discusses the general considerations necessary 
in studying the child longitudinally and this includes an excellent, simply 
presented section on basic statistical concepts. Appraising developmental 
status is discussed and it is divided into physical, behavioral, social, emo- 
tional and mental developments, and the evaluation of personality. A 
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The concept gives scientifie support, based on the present biochemical 
knowledge, to some old observations. Тһе popular dictum * One man's 
food is another man’s poison” is а good expression of this idea. Much 
the same thought has been expressed by no lesser food expert than 
Brillat-Savarin, who said: “Tell me what you eat, and РИ tell you 
what you are.” 

The genetotrophie concept affects human biology in two main ways: 
(1) It calls attention to the significance of biochemical differences 
between “normal” individuals, and to their genetic basis; (2) it makes 
possible the correction of these differences by adequate food supply, 
should they be of consequence in the development of pathological con- 
ditions. In this last aspect the concept has obvious importance both for 
clinical and preventive medicine. The author considered the implica- 
tions for the biological sciences, medical and dental research, and for 
psychiatry. 

Biochemical Individuality is a readable book, full of interesting 
information. Data concerning human variability in anatomical, physi- 
ological, biochemical (composition of fluids and tissues, enzymic patterns, 
endocrine activities, excretion) and pharmacological characteristics are 
given and analyzed. It is possible that not all the variations considered 
will be strictly genetically controlled but this will not detract from 
the general validity of the argument. There is no doubt about the 
potential salutary effect on medical progress of the emphasis on indi- 
vidual differences. 

It is clear that in this type of book the theoretical development 
of the argument is more important that the details of the factual 
material. However, it is felt by this reviewer that some loose state- 
ments, such as the one on page 49 concerning the estimation of the 
“intracellular” water, could have been avoided. Individuals differ 
markedly in their gross body composition. This information, much of 
which was accumulated in the last 10 years, deserves perhaps more 
attention in considerations of the extent and significance of differences 
between individuals than has been given it by the author. 


, Francisco GRANDE 
University of Minnesota, 
Minneapolis, Minnesota 
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Physi i 
go Psychology. By M. А. Wzxczn, Е. №. JoNES ам 
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ipea үйі 4- 472 pp. Henry Holt, New York, 1956 $6 00 ME 
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ny respects the two volumes are very different, the one being 
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Cornell University Medical College. The course of events in the 
patients’ day-to-day life, their changing attitudes and reactions were 
examined in reference to the occurrence of Symptoms of cardiovascular 
disturbances. Тһе * stress interview," in which emotionally charged 
topies were introduced into the conversation while alterations in cardio- 
vascular function were being recorded, served as means for bringing 
up meaningful, especially threatening, life situations for experimental 
study. 

Reduction of exercise tolerance, evaluated in terms of pulse rate as 
well as ballistocardiographie and electrocardiographie criteria, was noted 
in patients with neurocirculatory asthenia during situations provocative 
of anxiety or anger. Circulatory adjustments involving rhythm of the 
heart and peripheral blood vessels were examined but the studies were 
focussed on sustained elevation of blood pressure, without coming to 
definitive conclusions regarding the role of stress in the pathogenesis 
of essential hypertension, Nevertheless, the authors believe that the 
available evidence warrants clinicians’ interest in the b 
experiences and attitudes of the patient 
the effort to help him to make a more adequate personal adjustment. 
In summary, “Not only may the hemodynamic changes characteristic 
of hypertension, including a reduction in renal blood flow, be induced 
for short periods in suitably susceptible persons by the contemplation 
of stressful life experiences, but long-term variations in blood pressure 
level have been repeatedly correlated with periods of stress. Moreover, 
the data indicate that the course of essential hypertension may be miti- 
gated by measures directed at enhancing the satisfactions and improving 
the adjustment of the individual.” 

The pressor mechanisms accounting for essential hypertension remain 
obscure. It is suggested that the initial response to emotional stress 
may provoke renal ischemia which may in turn set off humoral mech- 
anisms which cause ultimately irreversible tissue damage. In reference 
to personality, the hypertensive patients were characterized as “inclined 
to be tentative and wary, fundamentally driving and often hostile but 
unable fully to commit or assert themselves.” Encouragement of а 
freer, more fearless self-assertion and of wholehearted commitments was 
recommended as а part of therapy. | 

The data are presented largely in the form of case studies, using 
numerous quantitative criteria of cardiovascular function. woo 
experimental studies of the effects of life Stress are difficult and 


ackground, life 
with essential hypertension and 
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authors are properly cautious in their conclusions concerning etiolog 
and treatment of essential hypertension. However, the profound effects 
Of actual or symbolieally represented "stressful" events were docu- 
mented amply and convincingly. 

The description of the cardiovascular effects of emotional stresses has 
been quite elaborate, and the characterization of the responses leaves little 
to be desired. The segment which may profitably receive emphasis in 
future research is the nervous system itself (encephalogram under normal 
conditions, motor and sensory chronaxies, and other physiological indi- 
cators of functional status) and the responses to controlled physiological 
stimuli (such as direct and conditioned vascular reflexes to heat and 
cold, or changes in the electroencephalogram under conditions of physi- 
ological str ). Dr. E. Simonson, of this Laboratory, pointed out to the 
reviewer the surprising scarcity in this country of neurophysiologically 
oriented studies on alterations in the nervous function in man, especially 
during the initial phase of essential hypertension. Useful and more 
detailed information on function changes in the central and autonomic 
nervous system could be obtained in animals with certain types of 


experimentally induced hypertension. 2 
иш ШП JosEr BROZEK 


University of Minnesota, 
Minneapolis, Minnesota 
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Ax INTRODUCTION TO CYBERNETICS. Ву W. Ross Ashby. іх + 295 рр. John 
Wiley, New York, 1956. 86.50. Directed to workers in biological and 
behavioral sciences, the book “starts from commonplace and well-under- 
stood concepts, and proceeds, step by step, to show how these concepts 
can be made exact, and how they can be developed until they lead into such 
subjects as feedback, stability, regulation, ultrastability, information, 
coding, noise, and other cybernetie topics.” 

ANTHROPOLOGISCHER ANZEIGER, Vol. 20. Edited by W. Gieseler and E. Breitinger- 
E. Schweizerbart, Stuttgart, 1956. Revived after a period of some 12 years, 
this useful journal continues the tradition of publishing detailed bibli- 
ographies, reviews, brief original papers and news, including obituaries. 

PROGRESS IN NUCLEAR ENERGY, SERIES SE : MEDICAL ScrENCES, Vol. І. Edited 
by J. С. Bugher, J. Coursaget, and J. F. Loutit. xii + 165 pp. MeGraw- 
Hill, New York, 1950. $0.00. Тһе use of tracer techniques in the study 
of the workings of the body was described in a volume published in series 
VI (Biologieal Sciences) of this comprehensive survey. The present pub- 
lication deals with problems of medical diagnosis, investigation of disease 
processes, therapy, safety, and the determination of absorbed doses of 
radiation. 

West Навнглхь Survey. Edited by Е. Fraser Darling. xvi + 438 pp. Oxford 
University Press, New York, 1955. $4.80. A detailed account of a com- 
prehensive social and biological investigation of an area of Scotland 
suffering from depopulation and economic decline, Eighty pages are 
devoted to population study. 

Tue Stress or Lire. By Hans Selye. xvi + 324 pp. McGraw-Hill, New York, 
1956. $5.95. A readable presentation of the concept of “stress” (the 
common denominator of adaptive reactions in the body), its mechanisms 
in health and disease, and its theoretical as well as practical (medical, 
psychosomatic, philosophical) implications. 

PHYSICS, PSYCHOLOGY, AND MEDICINE. By J. Н. Woodger. х 4 145 рр. Cam- 
bridge University Press, 1950. $1.75. Тһе essays nre focussed on the 
neglect of psychology in medical curriculum, ascribed to the enormous 
success and consequent prestige of the physical sciences. Special attention 
is given to the linguistic apparatus of medical psychology. 

Снил DEVELOPMENT. By Elizabeth В. Hurlock. xvi 4- 703 pp. McGraw-Hill, 
New York, 1956. $6.00. Third edition, revised and largely rewritten. 
The presentation of the history of child psychology was replaced by ® 
chapter on social adjustment. Contains a chapter on physical growth. 
Large bibliography (80 pp. alphabetic). Lists visual aids. Correlated 
with films. 
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THE Втогосу оғ SENESCENCE. By Alex Comfort. xiii + 257 pp. Rinehart and 
Co., New York, 1956. 84.00. A survey of literature (over 800 references) 
concerned with the nature and criteria of senescence in animals, longevity 
and inheritance of life span, growth and senescence, and the role of 
cellular and endocrinological changes. Man is considered, for the most 
part, only incidentally. 

May, Согтове, лхр Socrery. Edited by Harry L. Shapiro. xiii + 380 pp. 
Oxford University Press, New York, 1956. $7.50. А presentation of basic 
anthropology for the general reader or the beginning student. The book 
consists of 16 chapters contributed by outstanding scholars, “Human 
Beginnings ” is the only chapter concerned with physical anthropology. 

STUDIES Іх Торестому. Edited by Nolan Lewis, Carney Landis, and Н. E. King. 
vii 4- 248 pp. Grune and Stratton, New York, 1950. A series of studies 
designed to explore the potentialities of psychosurgical methods as а 
therapy for mental disorders, and to investigate the role of the frontal 
lobes of the brain in human behavior. Covers the whole spectrum of 
problems, from surgical procedures to physiologieal, psyehologieal, and 
Psychiatrie effects and social adjustment. 

Тик Hazanpg то Мех тх Sus Lost AT SEA, 1940-44. Ву В. A. MeCanee, C. C. 
Ungley, J. W. L. Crosfill, and E. M. Widdowson. у + 44 рр. Her 
Majesty’s Stationery Office, London, 1956. 8.00. Summarizes data ob- 
tained from men who survived the loss of their ships. Cold appears to be 
"the greatest hazard facing men adrift in open boats, Lack of fresh 


Water beeame an important cause of death on the longer voyages, and 


the effects of drinking seawater seem to have been almost invariably 


disastrous," 
Lysrrare ACID DIETHYLAMIDE AND MESCALINE IN EXPERIMENTAL PSYCHIATRY. 
Edited by Louis Cholden. xi--S5pp. Grune and Stratton, New York, 
1956, $3.00. Proceedings of a roundtable conference held at the annual 
meeting of the American Psychiatric Association. The setting was 
described by the editor: “Тһе key to understanding psychiatry’s deepest 
mystery, schizophrenia, might lie in the production of an Aaea? 
Predictable, controllable, reproducible state—an artificial psychosis. E eh 
are the hopes that some investigators hold for the state of mind induce 
by giving lysergic acid diethylamide (LSD)." E 
Workers, AND Work MEASURE. By Adam Abruzzi. EDAD 
Columbia University Press, New York, 1956. $7.50. A fresh presenta p 
of the human aspects of industrial engineering, with standardization a 
Production rates as the focal concepts. Problems of fatigue are co 
N _Sidered briefly. 
RNING AND Іхвтімст ім ANIMALS, By W. H. Thorpe. Уі 
niversity Press, Cambridge, Mass, 1956. 810.00. 
а Synthesis of studies on instinct and learning. Differen 
"re discussed and the learning abilities of the main а 
Surveyed. One of the major objectives of the book has been 


Won, 


ii + 491 рр. Harvard 
Attempts to provide 
{ types of learining 


nimal groups are 
“to point out 
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to psychologists and learning theorists on the one hand and to zoologists 
and physiologists on the other how dependent each is, or ought to be, on 
the work and viewpoint of the other." 

Тик Гстсив ОЕ ARD Lanps. Edited by Gilbert Е. White. іх + 453 рр: 
American Association for the Advancement of Science, Washington, D. C., 
1956. $6.75. Thirty-odd papers plus recommendations from international 
arid-lands meetings. А multidisciplinary effort to assess the present state 
of man's struggle to make productive use of large areas of the world 
characterized by meager or undependable rainíall. 


STATISTICS, А NEW Approacn, Ву W. Allen Wallis and Harry V. Roberts. 
xxxviii + 646 pp. Free Press, Glencoe, Illinois, 1956. $6.00. Statistics is 
defined as “а body of methods for making wise decisions in the face of 
uncertainty.” Intended as a textbook for beginners, it will be found 
helpful and refreshing. Hear ye, hear ye: * Sometimes authors are $0 
intrigued by tests of significance that they fail to state the actual amount 
of the effect, much less to appraise its practical importance.” 

PROCEEDINGS OF THE WORLD POPULATION CONFERENCE, 1054. іу + 270 pp. 
United Nations Department of Economie and Social Affairs, New York, 
1955. The meetings were held in Rome under the auspices of the United 
Nations. The papers presented at the conferences were published in 6 
volumes. The Summary Report describes the organization of the con- 
ference and its program and presents summaries of the 32 meetings. 


POPULATION GENETICS: THE NATURE AND CAUSES ОЕ GENETIC VARIABILITY IN 
PoruLations. Cold Spring Harbor Symposia on Quantitative Biology, 
Volume 20. xvi- 346 pp. Biological Laboratory, Cold Spring Harbor, 
New York. $8.00. The primary objective of this important symposium 
was to bring together the evolutionary and the agricultural geneticists 
in an effort to establish agreement on fundamental concepts. Of special 
interest is Т. Dobzhansky’s introductory review, the sections on general 
population genetics theory and on quantitative genetics, and A. C. Allison’s 
chapter on some aspects of polymorphism in man. 

Вору MEASUREMENTS AND HUMAN NuTRITION. Edited by Josef Brožek. Wayne 
University Press, 1956. v + 167 pp. $3.50. A reprint, with the addition 
of editor’s preface and an index, of the proceedings of the Conference on 
the Role of Body Measurements in the Evaluation of Human Nutrition 
sponsored by the Committee on Nutritional Anthropometry, Food and 
Nutrition Board, National Research Council, and held at Harvard Uni- 
versity, Cambridge, Massachusetts, June 17 and 18, 1955. Тһе proceeding? 
were originally published in the May, 1956 issue of Human Biology 
(Vol. 28, No. 2). 


Joser BROZEK 
University of Minnesota, 
Minneapolis, Minnesota 
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THE STATUS OF PHYSICAL TYPES 


BY W. H. HAMMOND 
Ministry of Health, London 


ncerned firstly with the general problem of 


of classification and secondly with a com- 
pes and factorial types. 
pes in relation 


НЕ present paper is co 
body types as а form 
parison of two present-day ty 
lt is necessary to consider t 

to classifying individuals since 
&nd factorial types could rea 


classification. 
In the first place we have to employ some form of classification of 


human beings as also of human attributes, in order to understand 
them and even more to communicate Our knowledge. We group 
partieular items of conduct under labels—aggressiveness, anger, and so 
on—knowing that different individuals’ manifestations of any emotion 
will differ slightly but will nevertheless be more alike than those of 
any emotion to which we give another name, and similarly physical 
characteristics such as chest girth have somewhat different constituent 
ares in different people, yet we treat them as though they were uniform. 
In statistical terms the within-group variation (i.¢., trait) is less than 
the between-group variation. Just as & pattern of activity units, when 


pe systems; somatoty 
he general question of ty 
of the criticisms of somatotypes 
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sufficiently coherent, constitutes a trait, so the traits shown by persons 
can be associated into wider and wider patterns finally covering the 
whole person when they become known as types. Тһе type, therefore, 
is also the recognized pattern of characteristics which is rarely if ever 
the same for two persons yet which nevertheless has such family resem- 
blance between certain individuals and not others that we can speak of 
the individuals as belonging to the same or different types. 


The problem of conformity is the central one of ty 


pe study and this 
is necessarily 


зо, since types imply degrees of variation of their individual 
characteristies and not discreet changes as in species, and also because 
the characteristics themselves are not in апу way unique. Тһе usual 
methods of overcoming these difficulties are either to set limits within 
which the majority of characteristics must lie in order to belong to the 
type or else to regard the types as hypothetical pure patterns to which 
individuals approximate more or less closely, 
types in the one c à 
Pure example ате as to be hypothetical and, 
therefore, d ssification should not be judged by 
whether individu: istri in discontinuous clusters round the 
the way in which they give logical coherence 
cts in individuals, 
reme types are rare it is easier to understand 
k | : in terms of these extremes. Thorndike (13) 
owever is emphatically against this and claims that there is only one 
t oc , ense that this is the most frequently 
occurring condition, this is true. Vevertheless, we are accustomed to 
referring to qualities by their extremes, as, for example, tallness and 
ше. However, a more serious dis- 


iabl 1 Турев imply 
invariable or logical Opposites nor yet compl the 
usually embrace a wide sphere, the w pletely related and у 


explicit, much less be measured. 
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to describe a person in terms of some of them only gives a very incom- 
plete pieture—or if many are used the description becomes hopelessly 
unwieldy. Even if assignment of a plus or minus sign to some 50 
different body measurements could give a fairly adequate description 
of an individual's physique, there would be 259 classes if all combinations 
were possible enough to provide a unique class for every individual of 
the human race. Тһе procedure would, however, have no value, for 
the usefulness of any classification is in proportion to the reduction of 
categories (consistent with homogeneity within them) required to charac- 
terize the maximum number of individuals in the largest number of 
aspects. Moreover, merely to add separate values is not very useful 
Since two scores might be the same yet be made up in entirely different 
ways and the individuals having them might be totally unlike each other. 

We obviously need to make a selection of characteristics which are in 
some way representative of a much wider number, and Type is the term 
for such a collection of qualities when it affects the whole of the indi- 
vidual or at least most of his physical or mental attributes. If we 
could obtain a limited number of qualities each having wider repre- 
sentativeness without overlapping they would be ideal to use in classi- 
fying individuals. * Representativeness' is really the quality of forming 
part of a whole or group and to measure it we need to use one of the 
accepted methods of studying relations between qualities. . 

In physical measurements we usually acept the natural boundaries— 
arms, legs, trunk, and so on—and use one or two measurements out of 
an infinity of possible ones to represent their major dimensions of length, 
breadth or girth. These measurements are then correlated or co-variated, 
so determining their wider groupings, and the individuals who excel in 


the established groupings of measurements constitute the types. The 
selection can be further refined by employing multiple correlations which 
not only take account of the measurements which have the highest 

aspects but also the maximum com- 


indivi relations with other | ! 
2... for their own duplication with each 


bi relati hrough allowing 
ске d methods at least should be applied 


other). fairly straightforwar 
1. | м ments chosen to measure types. Analysis 


to the study of the measure | 
of variance ee discriminant function analysis offer more refined tech- 
i i i hey all require 
A iof difficulty of these methods is that they all req 
15 мт o this extent they involve a 
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Spr жи mnt Factor analysis is a device for determining the 
5 aracteristics, whilst at the same time giving a 
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method of determining the relations between individual varinbles and 
these groupings. Theoretically, therefore, this appears to be a most 
promising approach to type study. Alternatively, we can compare and 
group individuals directly according to the pattern of their measure- 
ments, e.g., according to whether their girth measurements are large 
or small relative to their own length and so on (in Burt's (797) phrase 


we correlate traits or persons, or in American terms we use direct or 


inverse analyses). In one case we classify together the individuals who 
have small inter-individual variations in their me 
other case we group the individuals whos 
measurements is similar. 


asurements and in the 
e intra-individual variation of 
However, the process of classifying may not 
be explicit in this way nor be based on objective measurements; it 
may follow the more traditional methods of observation and subjective 
appraisal by general impression. 


A brief historical survey will show how the methods of type study 


have developed. The first recorded use of types is that of Hippocrates 
who, over 2,000 years ago, observed a particular body form to be ass0- 
ciated with a tendency towards lung diseases, the phthisic habitus and 
opposed to it the apoplectic habitus with its own temperament and 
disease liability. Similar types have been shown in the present century 
in Draper’s gall bladder and ulcer constitutions, 
flourished in the 3 
consisted more of 
studies. 


Humoral types then 
Tiddle Ages when methods of study of human beings 
philosophical construetions than that of practice field 
The melancholic, sanguine, phlegmatie and cholerie types 
Were supposedly due to the presence of “black bile,” blood, phlegm 
and yellow bile, in some respects foreshadowing the present endocrine 
disease groups due to over- or under-production of hormones. The 
purpose of these theoretical concepts was rathe 
understanding than to increase the sphere of knowledge, which is the 
principal aim of present-day experimental techniques. 

Since these types were essentially personal systematizations of broad 
similarities between characteristics which were in themselves generally 
known, it is not surprising that different type classifications should arise 
during the centuries, depending upon the extent of the observer’s pene- 
tration of thought and also on the interests of the times. 

In the early 19th century a further resurrection of types occurred 
in the French digestif, musculaire, and cerebral types to which the type 
respiratoire was later added, and а Somewhat 
ocurred in faculty psychology. 


, 
г to organize people's 


similar manifestation 
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After a period during which mental faculties came into disrepute 
and physical types were little heard of outside Italy а resurgence occurred 
in the field of anthropology in the form of race types. At the same 
time, in psychology Jung's introverts and extroverts and in psychiatry 
Krestehmer's pyknie, athletic and asthenic types re-awakened interest 
in type classifications and for the first time they brought a quite new 
interest in their train, a stimulus to practical research work. These 
types, in common with all previous ones, represented hypothetically pure 
manifestations which may never be realized in any one individual. The 
pure types began to be used as reference frames for charting human 
beings who, in the case of race types, were classified as mixtures of pure 
ethnie groups, whilst the psychological types became tendencies possessed 
in different degrees by individuals. 

The problem of measuring the type tendencies now occupied an 
entirely new importance and this placed a new emphasis on the elements 
constituting the type rather than on their wholeness. Thus different 
racial characteristics such as head or face shape were measured, and 
questionnaire assessments and, in some cases, tests were employed to 
Measure general characteristics which were supposedly diagnostic of the 
At the same time the types themselves were charac- 
Kretschmer’s (25) 
pes were 
through 


personality types. 
terized more rigorously than was possible before. 
studies gave a new synthetic approach in which physical ty 


associated with mental dispositions mainly, in the beginning, 
The сусіс mental diseases (manic 


ith pyknie (rotund) build and 
ssociation with 


the relations between extremes. 
depressive psychoses) were associated w 


Schizophrenia with asthenic (lean-slight) build. This а 
as then extended to less extreme cases, cycloid and 


Dhysic. = 5 
Ma ctun clothymes and schizothymes of the 


Schizoid tendencies, and to the cy 
Normal personality range. 


The genesis of the two modern type systems, somatoty pes and factor 


types can be related to the traditional types; She]don's (40) Somato- 
types, inspired largely by Kretschmer’s types, arc logical дәннен 
Of types as pure patterns. On the other p factor types arose very 
differently, They sprang from Spearman's (27) attempts io account 

4 n charactertisties in terms of factors 


Tor the varying relations betwee 5 : 
Or *eauses? which were common to them all or specifie to any one. From 


the extension of this to include only part of the correlations of a table, 
followers of Spearman provided the basis of present day body types. 
In the beginning the nature of the physical types was incidental to the 
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use of body measurements as material for demonstrating the diferent 
factorial methods, the chief advantage of using physical measurements 
being that the mathematical constants of the analyses could readily be 
equated to physical attributes which would make them clear to Bon- 
mathematical readers and also suggest new techniques to the factorists 
themselves. Kretschmer’s and Sheldon's types, therefore, arose from 
directly comparing individuals (in Kretschmer’s case mental patients 
with different forms of insanity) and measuring their characteristics, 
whilst factor types were based originally on comparing characteristics 
and not persons. The chief difference between factor types and previous 
attempts at type study was that the factorists initially had no pre-con- 
ceived ideas of what types might exist; that is, the data were to demon- 
strate whatever groupings or clustering of characters might be present. 
However, it is true that more recently different methods of analysis 
have been developed and these have to some extent governed the kind 
of types which result. In particular they have determined whether the 
groupings of traits correspond to a co-ordinate classification (group 
factor analyses) or a Super- and sub-ordinate classification (bipolar 
general factor analyses). 

Having considered methods of type study in general we can now 
consider in greater detail the two main type systems of the present day, 


somatotypes and factor types, and show how far they are alike or different 
from each other, 


Somatotypes. 


Sheldon’s somatotypes, 
morphs from the predomi 
embryonic tissues, endoder 
obtained from photographs 
with the body posed in sta 


named endomorphs, mesomorphs and ecto- 
nance of structures derived from the three 
m, mesoderm and ectoderm, respectively, are 
taken in the nude from front, side and back 
ndard positions. Originally the typing was 
done visually without reference to measurements and it was based in the 
beginning upon a subjective general impression similar to that by which 
the earlier classical types were postulated. Measuring techniques, which 
it is hoped will eventually replace the ‘scopic’ method, are being 
developed along with refinements of the rating procedures (especially 
by Tanner (49) in England and Dupertuis (^50) in America). 

The subjective nature of Somatotypes has its disadvantages but 
certain advantages are claimed for it, A skilled observer can make use 
of the subtler distinctions of body outline which are not amenable to 
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measurement. For example, the body contours can show where a person 
Who is now thin was once fatter and this might indicate (on the soma- 
totyping basis which seeks to assess fundamental characteristics and not 
the momentary conformation of measurements) that the true rating 
would be more endomorphie and less ectomorphie than would be inferred 
from measurements alone. The characteristics of the somatotypes are 
Considered to be all embracing so that no physical characteristic can be 
neutral to or outside this continuum. А person's hip, arm, chest, ete., 
are characteristic of one or other of the three types and hence contribute 
to the score for that type. They are never considered to be without 
effect and the most can happen is for an individual to be dysplastic or 
to have aspects which follow one type in one part of the body and a 
different {уре in another part, e.g., shoulder and trunk may be endo- 
morphic and legs or arms ectomorphic. The three components were 
Tecognized as inadequate to cover all aspects of physique, hence another 
modality, the degree of bisexuality or gynandromorphy which can affect 
Physique independently of the three somatotypes was also introduced. 

There is no mention of general size since the ‘scopic’ method is 
Concerned with relative shape and the measurements are always expressed 


in relation to height. r 
The system is not yet applicable to children because standardized 


Tating procedures are not available for these ages. Р А 
А high association is claimed between endomorph, ата 
ectomorph body form respectively and the three — = Ly ma 
Visceratonia (relaxed, comfort-loving, tolerant, esting a — 5 
Others? company), somatotonia (assertive, physically gotive, ш = 
manner, callous, noisy), cerebrotonia (restrained. taut, liking ығ 
especially when in difficulty, unsociable and having пораи е: Е 
tudes), The system of scoring for = temperamental types is sim 
to tha " рев, Sheldon (742). 
hs ыы үтү, Sheldon's system is that the кйш, 2 
авісаПу subjectively determined and no pue ege proced ч ыға 
"e: с primm м bees dis canes 
Method of equal-appearing intervals shou sly b 
When ia te СЫР the types are made oe sc 
Telateq difficulty is that the = — i ашай dendi 
€mplo not represent additive units as in an es 15 атай 
№ en ы ces ie manipulation. This is pne om pow 
е three components are also inter-related in a complex way. 


: қ” {ү zl 


Веагағеһ 


t 
I 
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distribution of values 1-7 in each component could ordinarily be studied 
to see whether 4 really represents the mean or not and how far the 
limitation of the extremes to 1 and 7 may be trune 
tion, but when these are also based on v 
components this becomes impossible. We can not say whether a par- 
ticular combination, 6-0, а 7 for endomorphy and 3 for ectomorphy 
does not exist because it is logically impossible in the 
7 for tallness and a 3 for shortness would be i 
an example has not yet been found. 
limitation: that the components must 
fact that there is a higher negative corre 
ectomorphy than between any 
into account. 

Logically the somatoty 
what unsatisfactory. 
binations out of a nun 
without knowing how 


ating the distribu- 
alues found in the other two 


same way that a 
mpossible or because such 
Sheldon resorts to an arbitrary 
not total more than 12. The 
lation between endomorphy and 
other pairing of components is not taken 


ping system and its measurements are some- 
To select as components three particular com- 
aber of complexly inter-related physical qualities 
the separate characteristics contribute to them 
nor how the components are related, is rather like attempting to give 
а point’s position in a spherical space in terms of the ribs of an 
umbrella of unknown length set at unknown angles to each other. 
Obviously, the situation needs tidying up. This can only be done 
satisfactorily (a) when the separate physical characteristics are mea- 
sured, (b) their relation studied to see whether they cohere to form 
groups which correspond to the labels endomorph, mesomorph and 
ectomorph, (c) the relations between the type groups are studied, and 
finally when (d) units of type measurement having meaningful intervals 

а difference between 3 and 4 for ectomorphy should 
erence between 5 and 6, if only that 
ividuals from the total distribution. 


ectodermally derived tissues are no 
other types, but it is only that the en 
tures are less well developed. "This 
somatotypes, however, and the nam 
convenient rather than as indicating 


is only a secondary criticism of 
ез could be regarded merely 88 
а causal basis of the somatotypes- 
Factorial types. 


There is really no single set of factor types comparable with the 
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somatotypes. Many different workers have set out independently to 
show the presence of body types from various batteries of measurements 
using different factorial procedures. (Burt, 797, ^44, 47; Cohen, 739; 
Hammond, 749, ^53a and b, 57; Eysenck and Rees, 45; Banks, 47 in 
England and Carter and Kraus, 796; McCloy, 40; Mullen, *40, Moore 
and Hsu, 46; Thurstone, 46; Howells, 749, 52; Sills, 750; Heath, 752; 
and Lorr and Fields, 754 in America.) The basic approach has usually 
been to caleulate correlations or co-variances between measurements and 
analyze them in terms of general influences or factors which are regarded 
às aecounting for (a) all the correlations or co-variances in the battery 
(general factors), (b) some of the correlations only (group factors) 
often superimposed upon a general factor, and (c) unique influences 
(error or specifie factors) which only contribute to the separate measure- 
ments and so reduce the correlations with other variables. Any com- 
bination of the above factors may be used but the types are usually 
based on the group factors, direct bipolar contrast factors or on the 
rotated general factors of simple structure rather than on the first 
general factor of a centroid analysis. The types then comprise those 
individuals who excel in any one of the groups of measurements. The 
factors corresponding to the groupings of measurements are usually 
independent (in England), but oblique factors or transformed secondary 
factors are used extensively in America. Having found which measure- 


ments go with which the next operation is to measure the strength of 
the factors so as to give them type scores. These are usually calculated 
ferent factors in terms of the 


from regression equations for the di d 
measurements, that is, as weighted sums of measurements of a particular 
kind. In the case of contrasting types, measurements may give а minus 
contribution to the total, e. g. ectomorphs or leptosomes will have high 
values for length growth and low values for girths and conversely for 


endomorphs or pyknies. . А 
Тһе exception to the above procedure is to correlate persons’ patterns 

of measurements directly with each other and then analyze them to 
The characteristics of the type 


provide groups of similar persons. а 
г. their trait relations, are then studied. From these Burt 


(287) derives a type standard against which any individual's measure- 
ments may be correlated to indicate his type conformity score. Howells 
(52) determines a type factor measurement from the measurements 

or saturations, that is, if individuals 


weighted by the individuals fact 
who have high saturations for the endomorph factor also have large 


groups, t. е., 


E 
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trunk girths, the girths are given high weight in determining the vos 
measurement, whereas structures in which the extreme iypes show li 
i ve little weight. 
ug coh studies spa бв objective as any type investigations 50 = 
the chief limitations being their dependence upon the initial choice 9 
tests or persons studied and the fact that the solutions are not = 
However, the results from any factor analysis procedure can general y 
be translated into those of any other kind by suitable transformation 
matrices. "Тһе outcome of any analysis does not therefore simply depend 
upon the form of analysis used, otherwise it might be true to claim 
that the factorist merely gets out of the analysis what he puts into it. 
Although there is no commonly accepted type factor solution equiva- 
lent to somatotypes, there is а high measure of agreement between 
analyses of various batteries of measurements by different investigators. 
Without exception the English studies find that the major distinction 18 
between growth in length and either breadth or girth growth, depending 
on which measurements аге included in the battery. This is true of 
European and non-European adults (Burt 744), normal and psychotic 


subjects (Cohen 239 and Eysenck 745) and also of children down to 
infancy (Hammond 257). Analyses of the same battery of measurements 


Бе groups show very high consistency in the factor 


different measurements (Burt and Banks, 747; 
Hammond *53). 


Studies on American adults (McCloy, 
also confirm this distinction, which is a 


measurements for garments and pattern с 
children (Hammond ?53a 


Most of the batterie. 


40; Mullen, 40; Heath, ’52) 
lso shown by the analysis of 


ses. In the English studies 
the methods used пес ily contrasted girths, breadths or other mea- 
surements with the lengths, Burt, therefore, uses the non-committal 


term pachysome or bulky. Yet breadth and girth measurements ате 
themselves distinct and it is 


gative a: 


Spect of lengths if these represent 
positive deviations about a mean. 


When lengths, breadths and girths 
he girths more strongly opposed to 
ar analysis, after which lengths сап 
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be split into trunk and limb lengths and the other body measurements 
into girths contrasted with breadths. In the case of group or oblique 
factors the girths again form the most prominent grouping after lengths. 
Perhaps the critical point is that fat measurements have extremely high 
saturations with the girth group whilst the breadth measurements appear 
to be related to girths mainly through their direct contribution to girth 
measurements taken at the same levels rather than because of any 


fundamental aflinity. 
Height, trunk girths 
dependent upon growth of 
Heath (752) prefers to identify her secondary factors with development 
ather than in terms of the composite measurements. 
as fat measurements taken at 


and breadths are composite measurements 
different long bones, muscles or fat and 


of these tissues r 
This is a useful interpretation especially 
different body sites have extremely high intercorrelations and similarly 


for the long bones. X-ray measurements of different muscles or measure- 
ments of girths, adjusted to allow for fat, both suggest а strong group 


factor for muscle development also. 
The description of human beings in terms of factors has its disadvan- 
tages, although it approaches more closely to the general requirements 
of type systems as set out earlier. In the first place, any disadvantages 


which apply to correlations also apply to factor analysis of them. In the 
second place the method is based on the interpretation of correlations 
in terms of the ratio of common elements to total elements. Although 
this presents no difficulties when applied to single correlation coefficients, 
when several variables are interpreted in this way there are many 
different possible models which can be fitted to the observed correlations 
involving elements of different generality. For example, it is possible 
to account for a table of correlations in terms of separate groups, each 
of which overlaps, or in terms of a common factor. Mathematically, 
the effect is the same but the interpretation in terms of correlated types 
or a general influence and uncorrelated types gives a quite different 
emphasis. But if there is no unique factor solution to a given set of 
correlations at least the yarious assumptions involved in the different 
methods are usually made explicit and within these assumptions, they 
can be checked. However, the effects of sampling errors are not easy 
to estimate in order to test rigorously the goodness of fit of different 


solutions. 
It is not a necessary 
produced should be anything more 


condition of factor analysis that the factors 
than principles of classification of 
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measurements as they exist at any moment for a potus qus 
subjects. But their maximum usefulness will only be ка А 
factors can be identified with more permanent features. pua 5” 
identification of factors with outside causes can also lead to — a 
ment. In so far as these factors correspond to groupings of mea: a 
ments from different studies there will naturally be more disagreem 


; 4 В sition 
between factor types than is the case In somatotypes where the posit 


is equivalent to accepting a particular battery of tests and the ШЕ 
measurements derived from them as put forward by one AI тен? 

Another difficulty is that, although the {уре groupings may T 
accepted, it is a rather complicated matter to assess the type се; 
of individuals, especially if the Eeneral growth has to be allowed for first. 


ап be applied to the measurements 
measurements. Several studies have 
the Somatotypes. These consist of 
dividuals who have previously been 


ays which are equivalent to the a 
he first kind of analysis Howells (59) and Lor 
54) agree remarkably closely 


agree in regarding the endomorphs and ectomorphs as 
forming one continuum, the first tw 


© oblique factors comparing еу 
in respect of the mean factor saturations for the somatotype group 
(see table 1). 


in the person factors they 


Factor I differentiates between ectomorphs and endomorphs in both 
cases; Factor IT differentiates 


mesomorphs from endomorphs or or 
r I is more towards the ectomorph en 

3 and his second factor compensates by 
morph pole, 


morphs. The division in Facto 
of the scale in Howells’ analysi 
being slightly nearer the endo; 


$ d he 
1 There is much to be Said for a Convention of factorists meeting with Ё 
object of recommending Standard batter; 


varieties of physique. Such standardi 


А 
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Sills (750) correlated the somatotype ratings as variables along with 
& number of measurement ratios and also found that asamosply was 
the opposite pole of endomorphy rather than a separate factor. In this 
case, however, the subjects were not selected initially from extreme 
Somatotypes. In general, the factor analyses fail to ‘substantiate the 
somatoty pe groupings as the best solution to the measurement data. 
It is true that a centroid analysis with orthogonal factors could not 
possibly agree with Sheldon’s threefold correlated somatotype groups. 
As Tanner (752) has pointed out, if the ectomorphs coincide with Burt's 


TABLE 1 


Factorial analysis of somatotypes 


Facron I Facror П 


MEAN SATURATIONS MEAN SATURATIONS 


Howells Lorr and Fields Howells Lorr and Fields 


Endomorphs .84 .80 --.08 —.20 
Mesomorphs 2 —12 .35 52 
Ее tomorphs —.92 —73 --.10 --.13 


leptosome factor it should be impossible to find the equivalents of the 
other types among later orthogonal factors. But in fact, the pachysome 
pole of the first factor in some batteries does approximate very closely 
However, even where the analyses are based on 
Specially selected extreme somatotypes and the form of analysis is such 
that the factors could correspond to Sheldon’s types they do not agree 
closely. Two studies (McCloy, 40; and Sills, 50) claim to have isolated 
а factor omomorphy characterized especially by wide shoulders compared 
with hips more reminiscent of Kretschmer’s athletic type. Howells 
(252) concludes that “certain other kinds of differentiation come to light 
which are now masked by the recognition of endomorphy and ectomorphy 
as independent components bearing attributes which are not simply 
negatives of one another” and he likewise questions the concept of 
dysplasia in view of the “ non-Sheldonian kinds of differentiation which 
are consistently and sensibly organized.” 

In passing, it seems to me to be a mistake to omit consideration of 
the general size or general shape factors by selecting individuals to 
minimize these. ‘The general factor contributes so overwhelmingly to 


to the endomorphs. 
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the total variance especially in children, that it has by far the greatest 
predictive value for all measurements, and the method of comparing 
individual measurements relative to height as the means of allowing for 
it, is an unsatisfactory опе. 

Factor schemes, such as those described, are complicated and highly 
technical so that they may lose in usefulness what they gain in precision. 
It is worth while, therefore, to see what simple steps may be taken to 
produce а workable typing system, making use of the best features of 
the somatotypes and factor types. Parnell’s (2) use of standard 
deviations in different measures grouped into muscles, fat or ‘leanness? 


groups is a good basis on which to begin.? If we substitute bone length 
measurements for height/weight 


(which is a composite of length and 
absence of muscle or f 


at) we shall then have three measures of tissues 
each of which will be equivalent since it is based on standard deviation 
units? The individual's general size will be indicated by the sign and 
magnitude of these units, (At present in somatotyping one could have 
а large or small individual of any given type figure, and the figures 
give no indication of this). On the proposed scheme the relatively 
muscular, fat or long types would show in the pattern of the numbers 
whilst at the same time their ‘size’ would be indieated by the level of 
the numbers. For example, a + 7T--7--7 (a possible figure) would 
be а person who was among the biggest 2 per 10,000 in muscle, fat and 
length and yet he would be of average proportions—a sort of giant in 
fact. Similarly, a —1 7—7 would be a scaled down individual or 
dwarf, and 0-0-0- would be the individual corresponding to the average 
measurements in all respects. If we designate the variables, L. M. F. ог 
length, muscularity and fatness, -L will represent long, muscular or fat 
and — short, amuseular or thin. Тһе various combinations would be 
long-muscular-thin type (-----), short-muscular-fat (— -+ +) and 
so on. The terms large or small could be used to summarize the figures 
qualifying them with whatever component did not conform, e.g., the 
first person above would be a large thin type, the second a large short 
type, “1атде? because both were above average in the majority of measure- 


* Hooton according to Hunt (79) uses а similar scheme measuring fat, muscu- 
larity and ‘attenuation’ based on the ponderal index. 

? Actually further precautions are necessary to allow for the extent to which 
the particular muscle, fat or long bone measurements are correlated with each 
other, and the measurements would need to be carefully chosen for each of them 
to indieate general size as well as its own sub-group. ` 


Bs 


A 


A 
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ments. These may be rather unusual sounding designations but in any 
case verbal labels are unsatisfactory substitutes for figures as we discover 
at once when we come to describe the different possible combinations 
in verbal terms. It is because the dividing lines between the terms are 
ill-defined that labels should only be used as a very rough guide and, 
in any written work, numerical values should always be given along 
with the verbal descriptions to define them. Body photographs may 
Still be used to study these types.* 

The above scheme at least has the advantage of using combinations 
of measurements which conform to established group factors in factorial 
Studies, whilst the calculation of the type scores is much easier than the 
regression method and at the same time makes a distinction between 
Overall size and type strength. (The predominance of one component 
could be expressed as the difference between its type and the average, 
whilst shapeliness—not in the artistic sense—would be the sum of the 
differences, between paired components 1-2, 2-8, and 13.) | 

Аз no agreed set of criteria is available for somatotyping children 
it is especially useful and necessary to arrive at an agreed typing system 
in this field whilst the position is open. Ву so doing it would be possible 
to obtain the great advantage of unanimity which adult somatotyping 
offers without sacrificing the advantages in respect of objectivity and 
rigorous treatment offered by factor studies. Even in studying adults 
it would be well to test the validity of somatotypes by measurements in 
unselected populations rather than in groups of "ee спа 
for if the somatotyping grouping is not confirmed (ап these are * 
indications from the available studies) then substituting onc y | 
Tor the subjective appraisal of somatotypes would appear to be o 


dubious value. Another consideration is that children's types wall eed 
to be related to those of adults. Children’s types have also been found 
to have a different basis from that of somatotypes, consequently con- 


tinuity with present adult somatotypes would appear to be impossible. 


Are types necessary at all? | 
ave been mainly concerned with the rationale of any 


s in order to show how some of the more 
duced and substituted for present prac- 


So far we h 
assessment of multiple type 
desirable features could be intro 
y conformation at а partieular moment 


а 
“Тһе types would represent the bo vn 


Without any claim to genetic basis (but see p. 
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tices. One might take the more devastating view that any kind of type 
study is too stultifying to warrant this attention to details. Do types, 
however well authenticated they may be, help us at all? Pure expression 
of the types is rarely met with and the majority of individuals ae 
somewhere near the mean. To use {уре terms is somewhat like 
describing an average person as being compounded equally of extremes, 
e.g., of tallness and shortness. Those whose study of types has taken 
place among extremes tend to regard the normal in these terms whilst 
others often consider the extremes as pathological conditions constituting 
distinct phenomena having no connection with the normal. I believe 
that factorial methods of type study can provide a truer evaluation of 
the position. They represent (or should represent) a necessary aspect 
of the statistical study of inter-related variables upon which the study 
of the complex field of human behavior must at present rely if it is to 
become a science. "Тһе use of trait rating scales as units in psychology 
may represent a transitional stage until more fundamental behavior units 
can be discovered, Similarly physical or mental types represent à 
further stage of generalization but both have their usefulness at different 
levels of behavior Study. "Thus if we want to know how a person 18 
likely to perform under a given set of circumstances we can use these 
circumstances as actual test situations, However, if we know from 
iype study that certain types exhibit а whole series of characteristics, 
then we need only test or observe а few 
able to predict the others. If in addition to establishing physical types 
we can say that these are associated with mental characteristies—forming 
psycho-physical types; then We can extend the process correspondingly— 
always assuming that the degree of relationship is sufficiently close to 
afford some improvement 


in prediction compared with the situation in 
which the physical types are not known. To test this we need to be 
able to specify the type adequately and then to study the widest possible 
influences of the type conformation, 

One of the chief objects of such study should be to test how con- 
sistent the types are over a number of years, for unless the individual’s 
type make-up has some constancy we can hardly expect it to have any 
predictive value in other fields. The author's own work on follow-up 
studies in factor types of children (Hammond ^57) indicates that the 
same kind of types (from attained measurements) can be shown at all 
ages and growth can also be analyzed into similar type patterns. How- 
ever, the type constancy is little more than we should expect if a child’s 


of these characteristics to be 
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type were established very early in life and the subsequent growth were 
random or neutral to the type. That is, on average, past growth appears 
to add comparatively little to the predication of the type differentiation. 
There must necessarily be some type consistency in children because of 
the contribution which the earlier measurements make to the later ones 
and as childhood advances this becomes proportionately greater com- 
pared with the growth which is capable of upsetting the type. Correla- 
tions of an order up to 0.8 are therefore to be expected over a period of 
two years on this account alone and this is the order of correlation 
actually found. 

There are also immediate objects of study of physical types, such as 
the relationship between anatomical characteristics and performance in 
different occupations or sports, in order to use the type as a basis of 
selection for recommending physical activities in which the individual 
is most likely to succeed. It may be that incentive is more important 
than physical build but physique may set limits to what is possible. 
If one may speculate on this point it is to urge the use of types not so 
much as an instrument of prediction in themselves, but rather as a 
preliminary to studying certain of their characteristics more intensively. 
For example, some physical types appear to be more susceptible to certain 
diseases than others, yet the relation may be too loose to aid prediction 
directly, However, the partieular individuals of a type having the 
disease may be characterized by some special aspects of the type syndrome 
only and these might be made the basis of future prediction. 

The main aims of type study should therefore be, firstly, to make the 
types and their measurements more objective and refined, secondly, to 
reach general agreement on these types so that further studies will be 
comparable, and thirdly, to devise simplified methods, such as those 


suggested, for measuring the type strength. 


SUMMARY 


The present paper adopts a historical approach to the study of body 
type and sets out some theoretical requirements for any classification 
systems and also the special requirements of type as principles of 
classification exemplified in the two current systems, somatotypes and 
fact "pes. 

ie ce weakness of somatotypes is that the types themselves are 
arbitrary and complexly related whilst the different measuring scales 
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have not been studied sufficiently in relation to each other and to the 
types, and the form of the measurements makes it impossible to con- 
struct theoretical distributions for these variables. 

Factor tvpes offer no generally agreed solution equivalent to the 
somatotypes with the advantages of comparability for different ingest- 
gators, but they have a more objective and theoretically advanced un 
although they too are dependent to some extent on the measurements 
selected and the factor method used. Тһе major physical types agree 
closely at different ages but the complication of assessing factor types be 
regression equations presents a serious difficulty in popularizing factoria 
methods. 


A compromise type procedure is proposed (especially for use with 
children where somatotyping is not yet p 


sible). Three components, 
length, muscle and fat are measured in standard deviation units as 1n 
Parnell’s scheme and expressed by positive and negative numbers whose 
magnitude indicates general size and whose pattern shows the type dis- 
tinction. The scheme would be based on direct anthropometry supple- 
mented by photographs were possible. 
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SEX DETERMINATION FROM THE SKELETON 


ВҮ FRED P. THIEME AND WILLIAM J. SCHULL 
University of Michigan 


EX, unlike most phenotypic features in which man varies, is not 
S continuously variable but is expressed in a clear bimodal distribu- 
tion. This bimodality, or polymorphi 
by the inherent nature of man’s ger 
this respect it is dissimilar to most other polymorphic traits, such as 
the allelic varieties of a blood type, which are primarily maintained 
by genetic equilibrium and/or the balance of selective mechanisms. 
But sexual dimorphism is similar to other expressions of polymorphism 
to the extent that clearly defined, genetically determined forms, or 
phases, of the same Species co-exist in si 
Similarity also exists in terms of classification ; in both sexual and 
other polymorphic variability clear categories exist. Ambiguous forms 
are non-existent or exceedingly rare since the phenotype is a clear 
expression of the genetic determinants, 

In the problem of determining the sex of the skeleton, it is important 
to note that the phenotype of Sex, while it is an 
genotype, is fundamentally different from othe 
on two counts. As previously 


sm, is determined and maintained 
netic-reproductive mechanism. In 


ngle breeding populations. 


expression of a distinct 
r kinds of polymorphism 
mentioned, it differs first as a consequence 
of its being determined by a special genetie-reproductive mechanism 
which is at the chromosome level and thus involves many genes; and 
secondly, as a consequence of this, sex differences ате expressed in many 
aspects of the phenotype through widely varying levels of genetic influ- 
ence. Thus, some features of the Phenotype give clear indications of 
sex while others may be of little or no use, 

The extent to which the skeleton, as one part of the gross phenotype, 
can be employed in determining sex js of interest in physical anthro- 
pology. From what is known, it seems clear that three varieties of 


t 


N 


p 
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influences cause sex differences in the skeleton. The first is reproduc- 
tive function which is primarily expressed in variability in pelvic 
morphology ; secondly, there are genetically influenced contrasts in gross 
bone size and proportions; and lastly, there are differences in the 
amount and proportion of body musculature as shown by attachment 
markings on the bone. These various influences are not always separable 
in their effects but, in the main, they cause the phenotypic differences in 
skeletal morphology which demarcate sex. 

The determination of sex of skeletons has always been of importance 
to anthropology. In most archeological investigations а classification 
by sex is the first step taken in the analysis, and important conclusions 
about the nature of the group and their culture are based on sex ratios. 
In studies of human evolution, important questions of relationships 
depend upon the accuracy with which sex is assigned. While effort is 
made constantly to improve the accuracy of sorting and the literature 
is full of references to “hallmarks” of sex which are said to be of 
value, few investigators know the level of accuracy that they achieve 
Ог even should expect from the method or methods they use. While 
there is no substitute for experience in such matters, it is essential that 
work be done to establish the levels of accuracy achieved by various 


methods of sexing. 


This paper reports the results of an investigation designed to find 


the sex discriminating efficiency of several measurements on the post- 
cranial skeleton, nang: specimens of known sex. The study was initiated 
in order to accurately assess the discriminating value of several easily 
Measured features, rather than to find new « hallmarks” of sex in the 
skeleton. The selection of measurements was based upon the general 
considerations stated previously. Analysis of data was arranged so that 
а precise probability statement could be made about the usefulness of 
he measurements “for sexing. The general plan, and summary of 
the investigation is designed so that it might have the highest practical 
value for archeology, physical anthropology, and forensic medicine. 

_ The expectation is high that sex сап be determined with accuracy 
if the specimen is adult and complete. If it is immature or incomplete 
We may be merely guessing with little assurance of being right. The 
Tesults of this study indicate that the upper limit can exceed 95%. 
It is up to the experienced investigator to estimate, on the basis of com- 
Pleteness, age, and in light of the particular problem he faces, what the 
Probability of the correct assignment of sex may be. 
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MATERIALS AND METHODS 


Known adult male and female Negro skeletons from the Terry 
Collection were measured. They were made available for our study 
through the courtesy of Dr. Mildred Trotier and the Department of 
Anatomy of the Medical School of Washington University. Support 
for this study came from the Wenner-Gren Foundation for Anthropo- 
logical Research to the Laboratory of Physical Anthropology at the 
Байый of Michigan. Measurements were taken on the left side 
of the 99 known male and 101 known female Negro skeletons. ‘The 
measurements used in the discriminant analysis were as follows: 


1. Femur Length (Bicondylar) 

Femur Head Diameter 

Humerus Length 

Epicondylar Width of the Humerus 
Clavicle Length 

Ischium Length 

Pubis Length. 


гроб о н ww 


Other measurements taken Were: sternum width (measured between 


the estimated centers of the surfaces of clavicle-sternum articulation) 
and the lengths of the right clavicle, humerus, and femur. These latter 
measurements were taken so that right-left long-bone asymmetry could 
be examined and also shoulder width could be estimated. Inas- 
much as females have relatively broader hips and narrower shoulders 


than males, it was thought that an ischio-clavicle index might have 


[2] 
special value for sexing. This did not turn out to be the case as it was 


1 recorded for the exaggerated male 
open female notch. 


ade by one individual, F.P.T., and the 
values were punched and verified оп IBM cards, Jsing an IBM elec- 


tronic calculator, we obtained values useful for comparison and for dis- 
criminant analysis. The discriminant function analysis was performed 
by W. J. S. 

The data have been analyzed in three different but related ways. 


E Hrga жЕ 


Wf 
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Soe ГО 
band "m T as Е : graphs and 
8 ie ard statistical comparisons are used to report these. Second, a 
po NE is followed whereby those individuals not separated 
schium-pubis index method are tested by other methods. Twenty 
m [^ sample of 200 are not correctly sexed by the ischium-pubis 
5%; леп these 40 individuals are examined, other measurements 

e, Last, but most important, 
With this statistical tool the 
all measures taken together 
Everyone experienced in 
gross size, evidence of 


are found which sex up to 9552 of thes 
a discriminant analysis is performed. 
e M for sex discrimination of 
mue E can be found. 
йел: : sexing the skeleton knows that н 
ава ien a musculature and pelvic morphology are useful, but while 

arious indicators of sex are closely correlated they do have a 
measure of independence. Usually the more signs of sex that are 
evaluated the higher will be the likelihood of correct determination. 
It follows that each measure on the average has its own certain inde- 
pendent value and that it is the sum of these values that increases the 
esilio, Discriminant analysis leads to the selection of a linear 
unction of these measurements, which has maximum utility for 
font sex to individual specimens. The result is to give a simple 

а for determining the sex of any single specimen, and a state- 
eei the probability that sexing is correct for all the specimens in 

eries, 


RESULTS 


In figures 1-4, histogram graphs for femur length, femur head 


чет. sternum width, epicondylar width of the humerus, clavicle 
Ti 8th, humerus length. ischium length and pubis length are given. 
p 5 presents the graphs for ischium-pubis index. күм 
" ow Teader may visually evaluate the panem, of variability es 
E iw in these figures. Of special interest is the fact that for pubis 
thar, the mean value for females is absolutely and significantly larger 
Sch 2 male value. While the ischium-pubis indes was devised by 
ES iz (230) it has been pointed out by others (W ashburn, 48, 9, 
is d. and Washburn, 259) that the pubis length relative io ischium 
en ed use in sexing human skeletons. If the measurement of the 
"xa 1 of the pubis is divided by some measure which is highly сот- 
ated with gross body size, such as femur length, or more conveniently, 
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FEMUR HEAD 


DIAMETER 


Fr. 1. Тнк DISTRIBUTION BY SEX or MEASUREMENTS оғ FEMUR LENGTH 
AND FEMUR Heap DIAMETER, 


y 
EPICONDYLE WIDTH N 
Ю OF HUMERUS 


NEGRO 


FEMALE 


ND 
Fic. 2. THE DISTRIBUTION BY Sex оғ MEASUREMENTS оғ STERNUM WIDTH А 
EPICONDYLAR WIDTH or THE HUMERUS, 
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г SEX OF MEASUREMENTS OF CLAVICLE LENGTH 
AND Humerus LENGTH. 


ISCHIUM LENGTH 


Е. NI Nm = 


F. 
та. 4. Tum DISTRIBUTION BY SEX OF MEASUREMENTS OP Ривїв LENGTH 
AND ISCHIUM LENGTH. 
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the ischium, an index with higher values for females than for males 
will result. 

In table 1, the mean values, standard deviations, standard errors, 
male to female * £? values and the “ differences of logs” for each of the 
measurements in the series are given. АП of the “i” values are highly 
significant, but they are not the same for each measurement. While 
sternum width for instance, is relatively the most different (see figure 2) 
when the means are compared, it varies more widely (see table 1) and 


ISCHIUM - PUDIS INDEX 


| 


ШАА 


ИІ 771 
| 
4n бы 


Ne101 


Pic. 5. Tue DISTRIBUTION ву SEX or MEASUREMENTS ОЕ THE ISCHIUM-PUBIS 
INDEX. 


thus is less significant because the standard error is relatively large. 
Pubis length shows a lower value than 6 of the other 7 measurements, 
but it is unique, as previously mentioned, in that it is the only one in 
which the female values exceed the male. Of all the measures used in 
this study femur head diameter is the best single discriminator. 

Figure 6 gives a graphic arrangement of the mean values from the 
data and is designed to point out the levels of relative differences in 
overall form between the sexes. The method (Simpson, 741) expresses 
the difference between the logarithms of the means. One of the forms 
being compared (males) is arbitrarily given a value of zero. The 
difference between the logarithms of the mean value is plotted in 
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reference to this line. If the two forms are merely different in size 
but identical in proportions the lines will be parallel. If one is not 
merely the miniature of the other, however, the lines will not be parallel, 
but will be dissimilar to the degree that form differs. We see then 


TABLE 1 


Statisti : 
Statistical values by sex for various measurements of the skeletons of American 
Negroes, and including results of tests of significance of difference 
between the sexes for each measurement and difference of log 


= MEAN DIFFERENCE 
в MEASUREMENT N sex (mm) S.D. Ea LS dd OF LOG 
а gs & 411.34 28:37 2.800 
А Femur length 10.13 —.344 
100 9 439.10 24.55 2.456 
в Ф os а ам 275 218 
Femur Head diam. 1617 --554 
100 9 41.52 2.19 212 
соп 95 4 338.98 18.55 1.374 
umerus lengtl 12.51 —.45 
eee i00 © 30550 18.66 1.866 
D Epicondylar width з 4 68.89 9,59 303 1450 —5l 
of Humerus 100 $ 56.16 3.32 382 
E 95 4 158.94 10.06 1.158 
$ Clavicle length 13.90 --.52 
100 9 140.28 1.99 1800 
F 98 ó 00.55 5.06 511 
Шы ы 100 © 8180 400 400 1352 —4 
98 ô 74.14 5.11 516 
G Pubisl 6.39 23 
ш 10 е 18 43t «м : m 
p a 3015 391 m 
9.66 —.67 


Stern vi 
um width о 9 30.06 3.03 367. 


from figure 6 that females are not merely smaller than males, but each 

Measure is relatively different. Consequently, some measurements are 

bound to be better than others in discriminating for sex. 

és шга 1-6, while giving the picture of variation by sex for each 

ч 8 measurements, do not allow the reader to follow any individual 
See his relative position in the scale of variability from graph to 
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graph. Our problem is to sex the individual and not the measurement. 
Short of publishing all the measurements for each individual, few 
methods will allow this sort of comparison to be made. But in view 
of the importance of following this point of attack, we give a partial 
analysis along this line. An examination of figures 1-5 shows that the 


Positive 
.02 .03 


.01 


LOG DIFFERENCE 
.04 ,03 ,02 .0 


Negative 
.05 


.08 „07 .06 


Fic. 6. Comparisons or MALE-FEMALE MEAN У 
MENTS USING THE DIFFERENCE or Log METHOD (Simpson, ’41). The male values 
are located arbitrarily at 0 so the graph shows the relative difference of females 


compared to the males in terms of the difference between the logs of the means 
for each measurement, 


ALUES FOR VARIOUS MEASURE- 


ischium-pubis index by itself gives the best sorting. Forty of 200 
individuals (20%) are not correctly sorted if we consider all with ап 
index less than 85 to be male and all over 91 to be female (darkly 
shaded area, figure 5). This leaves 40 individuals not sexed by this 
single method. In figure 7 these 40 are placed according to their size 
for the 6 other measurements and sciatic notch opening. The ischium- 
pubis index is also shown. In addition, a particular symbol is assigned 
to those individuals who are not sexed by any one measure so that 
they may be followed to see how they fare in each array. Where the 
same symbol appears repeatedly it is apparent that for several measure- 


\/Р 
% 


36 40 44 48 


9I 


72 


52 56 60 64 68 
EPICONDYLE WIDTH OF HUMERUS (mm) 
puats (25 FEMALES AND 15 M. 


шк Та. Tue DISTRIBUTION оғ 40 INDIVIDU: дұ dere 
5 WN IN THE DARKLY SHADED AREA OF тла. 5), WHOSE I/P IxpEX 18 ETW EEN 
Mei 92.0, ACCORDING TO OTHER MEASUREMENTS. Each aia 
the А dot if properly located with reference to 8 heavy = dis ns 
ise ce in each array. The larger symbols denote cases which are no 

Sex range. They are individually assigned except that @ denotes all eases 


whi 
ich appear out of their proper range only once- 


ALES 
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ments that person is out of the expected size range for his sex. This 
arrangement shows how some individuals Who are difficult to sex vary 
for the different measurements. 

Тһе best single discriminating measurement next to the ischium- 


85 [-] ja 
pP sss 


LE 


-| МА 
HH 
400 


MALE FEMALE 


10 Зо (тт) 130 150 170 190 
5СІАТІС МОТСН CLAVICLE LENGTH (mm) 


Fic. Tb. Tue DisTRIBUTION or 40 INDIVIDUALS (25 FEMALES AND 15 MALES 
SHOWN IN THE DARKLY SHADED AREA оғ Frc. 5), Wirose I/P INDEX is BETWEEN 
85.0 AND 92.0, ACCORDING TO OTHER MEASUREMENTS, Each case is indicated with 
а solid dot if properly located with reference to a heavy vertical line dividing 
the Sexes in each array, The larger symbols denote cases which are not within 
their sex range. They are individually assigned except that & denotes all cases 
which appear out of their Proper range only once, 


pubis index is femur head diameter. Only two persons not sexed by 
ischium-pubis index remain unsorted if a limit value of 44mm diameter 
is used, with all under being female and al] above being male. The 
method as presented here cannot he carried one step бый, however. 


1 Тһе symbol © is used to signify the dimensions of all those individuals who 
are out of the expected range for their sex in only one of the measurements 
shown. The other symbols are individually assigned to сазез which more than 
once are out of the range for their sex. 


MA e 
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Even though the symbols of the two individuals not sorted by femur 
head diameter fail to appear in the femur length or humerus length 
arrays, it does not follow that these two deviant individuals could be 
picked out of the sample if sex were unknown. Despite this, it is quite 
accurate to conclude that im this sample where sex is known we can 
sex with 99% accuracy if we first sort for ischium-pubis index, calling 
all individuals male if under 85.0mm and all female who are 92.0 or 
over, and next sort those remaining, calling all under 44mm for femur 
head female and all others male. The resulting male-female groups 
have only one individual per 100 incorrectly sexed. While we can be 
confident that this formula would probably give high accuracy for any 
other American Negro population or possibly any Negro population, 
we do not know the exact level (Thieme, in press). 

A discriminant function analysis has been carried out using these 
data in order to determine the power that all the measures taken 
together have for discrimination. Discriminant analysis for problems 
of sexing skeletal material has been used previously (Mukherjee, Rao 
and Trevor, 755, Pons, 755). Rao applied the method to pre-historic 
skeleton material of unknown sex and Pons used several measurements 
on each of two bones, femur and sternum, but did not combine them 
for both bones to find their cumulative discriminating value. Using 
four measurements on the femur he found the sexing error to be about 
5%, with femur head diameter and bicondylar width contributing most. 
These two papers, while demonstrating the value of discriminant analysis 
for sexing, do not show to what degree the method may be useful in 
multiple measurement analysis from several bones on material of known 
Sex. In addition, while this is a valuable statistical method, it is not 
Well known in physical anthropology. Because of the importance of 
this method, the following section gives the method involved in dis- 
criminant analysis in some detail and is arranged in step-by-step order 


50 that it may have the highest practical value. 


DISCRIMINANT ANALYSIS 

ant analysis was developed by Fisher 
(зв, "88, 40) in a series of three classie papers. A number of other 
individuals, notably Mahalanobis (786) and Rao (752), have made signifi- 
cant contributions to the theory of parametric discriminatory topology, 
and recently, Fix and Hodges (91) have investigated non-parametric 


The basic theory of discrimin 
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discriminant functions. We shall indicate only briefly the argument 
underlying parametric discriminant functions and then present in detail 
the computational procedure for constructing a discriminant function 
of the type to be employed on the present data. A complete presentation 
will be found in Rao (752). 

Generally the use of a discriminant function arises in the following 
context: We are given samples of size N, and №, drawn from two 
populations each characterized by p variates, and are required to find 
а linear function, say 


А = Аа, + Agta o - + Apt, 


which will maximize the ratio of the between population to the within 
population variance of X for the two samples. That is to say, we are 


required to estimate A, - *;Ap such that the ratio 
(/,--У,-р-11 XN — 4): 
i 
p X(Gy—X) 
ij 


is a maximum, where 2, the mean of the linear function in the i” 
sample (here i= 1,2), X — the grand mean of the linear function, 
and Y; = the value of the linear function for the j individual in the 
i^ sample, and where j—1,--,N,. The ultimate purpose of this 
linear function is, in most instances, to form a basis for assigning 
(classifying) unknown observations to one or the other of the two 
populations. 


To give meaning to this ratio in experimental situations, we make 
two assumptions, namely, that 


(1) each sample was drawn from a p-variate normal population, and 


(2) the populations involved have homogeneous, i. e., equal, variance- 
covariance matrices. В 


Тһе construction of the diseriminant function proceeds as follows (the 


reader can easily extend the computations to those cases where the 
variables are more numerous than three): 


Step 1. Тһе computation of means, differences between means, and 
the sum of products of deviations matriz: Available to us are the sums, 
sums of squares, and sums of cross products for the measurements 
femur head diameter (B), ischium length (F), and pubis length (G) 


---- ee 
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for samples of 98 Negro males and 100 Negro females. These values 
are 
Males 


B,—4623 Bg? = 218821 S BoF = 419410 
= 


o 
€ FQ = 806062 У Boas = 343493 
Ё d 


aM aM aM 
>] 
О, 
| 
oc 
со 
= 


o 
G,—1200 5052 = 541282 У Роб = 659236 
б с 
Females 
УВ. 4152 УВ = 172842 УВ Ее = 340163 
9 g 
Зевин S Го: = 670726 У Воб = 325158 
° ° 
ЗИ == вй У Go? = 613561 S Fo Go = 640901 
9 т 


Where У, апа У, indicate that summation is over all males and all females, 
$ ° 


respectively. We now compute the following quantities for the males: 
y І 


В ; NSEBS—(EBeY, _ 938,06: 
Bg = Ps = 41.113469 ; gog 2282 ы E СВ)? L 38406; 
eg б 

VeSBoFs — В) УЕ) _ 792.63 

Sarg = Ne | 

p УР No EF (ХЕ) _ 95 

МЕ ааз к — ee " H 
A = ЭР L 90.551020; Вн 2512.24; 
у-ХВгбг--(ЕВгХ 64), 660.57 

Saad = No ` 
-— N4X64:—(X02Y. . 256000: 
«= Xs 14142851; — Sos— Е ee RODS 


Ns é 
vsEReGs—(SPs(EGe) _ 1294.99 
Sres = Ne ' ance 


Similar quantities are then computed for the females. From these two 
arrays we form (1) the differences in the means 

47.113469 — 41.520000 = 5.653469 

dr — Pa Ре — 90.551020 — 81800000 = 8.751020 


74.142857 — 18.910000 = — 4.067143 


"E NEM = 


dg — G4 — 89 = 
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and (2) the elements of the sum of the products of deviations matrix 


8вв== Sng--Sspe = 138.064 450.96 — 1189.02 
Бер = Srg + бро == 2512.24 + 1602.00 — 4114.24 
Scc == Sag + Sao = 2560.00 -+ 1880.59 = 4440.59 
Sgr = Sere + Sarg = 192.684 529.40 — 1322.03 
Sga = Sras + бвсо = 660.57 + 430.08 = 1090.65 
Sra = Sras + као — 1294.29 + 1143.20 — 2437.49. 


Step 2. The sum of products of deviations matriz and the compu- 
tation of the Xs. We now construct the symmetrie matrix whose 
elements are 


Sen Ser Sea Яв 1189.02 1322.03 1090.65 5.653469 
Srr Sre ар 4114.24 2437.65 8.751020 
Sea de 4440.59 --4.067143. 


To this matrix we adjoin a unit matrix, and the extended matrix 80 
formed appears as follows: 


Sum 
1189.02 1322.03 1090.65 5.653469 1 3608.353469 
(1322.03) 4114.94 2437.65 8.751020 0 1 7883.671020 
(1090.65) (2431.65) 4440.59 —4.067143 0 0 1 7965.822857. 


The column headed “Sum” 
elements in the row. 


To obtain the estimates of the А?в we are required to reduce this 
extended matrix. А convenient method of reduction is the “square 
root method” (for a detailed presentation of this and other methods 
of reduction and a description of the errors in these methods the reader 
is referred to Dwyer, 551). To reduce the matrix by this method we 
proceed as follows: We may ignore the terms in parentheses in the 


above matrix, and compute the matrix whose elements are as indicated 
below: 


is obtained by summing across all of the 


Sasia бу ta із tgs 


where the s elements are obtained by operating on the S?s, the d elements 
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on d 
n, etc., and the ¢ elements from the unit matrix. The s, d, and і 


1 
elements are caleulated as follows: 


V Snn = V 1189.02 = 34.482169 


Snu = 
Spr 1822.08 
ізі ———== е" 5 
12 L~ 31482168 ^ 38.339526 


Sna 1090.65 
sa m 580 31,68 
пз = pa 34482169 31.699891 


аһ 5.653469 
"ms m 
= = gi 482169 0.163953 
1 1 
= <— — 0.02 
n= 34.482169 0.029000 
tou EEN E E E я 
1= VSrr— (s)? = V 411424— (88:39536)* = 51.422959 
2 с 
(31.629391) 23 891930 


Sro — (sis) (ға) _ 2487.65 — (38.339526) 
= 51.492959 


221 
а Р ке 
дұха ЧЕ (ma) (01) 8.751020 — (38.339526) (0.163953) _ 0,047939 


ae uc m 
= 51.422959 


бата 


toy m 0— (вза) (tx) 0-- (38.539596) (0.029000) _ — 0.021622 


51.422959 


vee: ЕМЕ 
в ЕТТЕ 0019 


БЕККЕ ATTI 
532-12 == V Sea —(53)* = (баз)? 


бы da — (ва) (di) — (8з) (4) 


$5312 
i UES (sis) (tu) — (5а) (ta) 
Ш 538-12 ы 
ER бе (3231) (#2) 
xd 533-12 
1 
ts =——- 
$33-12 
third (or 


or the second and 


Tt sh 
it ener be noted that the computations f 
quent) rows are analogous. In the present example, we obtain 


th 
е following Е 
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Check 


104.044040 
34.482109 38.339526 31.029391 0.163953 0.029000 0 о 104.644039 


75.290652 
51.422959 23.821930 0.047939 —0.021622 0.019477 0 15.290058 
53.406023 
53.100024. 


Тһе rightmost column in the above matrix affords a check of the com- 
putations. It will be noticed that each row has two entries in this 
column. The first entry is computed from the sum in the original 


extended matrix by the same method used to generate the other entries 
in the row, thus 


53.597456 —0.193943 --0.007504 — 0.008643 0.018658 


3608.353469 


first row = 784482169 ^" 104.644040 


second row — 7888-671090 — (104.644040)(38.339526) 
ec 51.492959 


15.990652 
third row = 


7965.829857 — (104.644040)(31.629391) — (15.290652) (23.821930) 
53.597456 


— 53.406023. 

The second entry is obtained by summing the е 

for each row, in the reduced matrix. 
or nearly so, if the computations have been correctly performed. 

Now to compute the estimates of the № and their variances We 

employ terms obtained from the reduced matrix. It can be shown that 


lements across the row, 
These entries should be equal, 


№= > diti; = (—0.193943)(0.018658) — — 0.003619 


à= > diti; — (—0.193943)(—0.008643) -+ (0.047939)(0.019447) 
— 0.002609 


№ = X dita = (—0.193943)(—0.007504) + (0.047939)(—0.021622) 
+ (0.163953)(0.029000) — 0.005173. 


Step 3. The significance of the discrimin 


паті function and the errors 
associated with the Xs. 


Once the values of the A's associated with the 
linear compound are computed we must determinine whether the dis- 
criminant function is effective. Otherwise stated, we are concerned 
to determine whether significant discrimination is achieved. The sig- 
nificance of the discriminant function can be ascertained by an analysis 
of variance, We form the analysis of variance table 
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50 E 
URCE SUM OF SQUARES DF M.S. 
Between sexes X X Qm. ы 4 
у Ух xs : 
Withi 4 ( Y= Е М: [Sadi P А 
ithin sexes У (Х;— Y): ЎА; № 7. 
"i = ( j +) 274% ij NitN.—p—1 B 
ota é ды 
а 050—1) N,+N.—1 
In the illustrative example, we find 
А SOURCE SUM OF SQUARES pF M.S. F 
== sexes 0.220776 3 0.073592 213.930 
ithin sexes 0.066798 194 0.000344 
Total 0.287574 197 


ыы > for 3 and 194 degrees of freedom, indicating that 
йот discrimination is achieved. Were F not significant, the 
inant function would be ineffective in classifying sex. 

“at е measure of the effectiveness of the diseriminant function 
hut, eaned from а comparison of the individual xs with their 
Miri errors (see Kendall, 48). At this juncture, it should be 
Fn 40% that the approach to be described is not without difficulty 
in thy м поле the A's, of the discriminant function are not unique 
oniy th ense that they are estimates of specific population parameters, 

қ eir ratios are unique. 
"Hes standard errors of the coefficients we compute from the mean 
"Sedi samples and elements obtained from the reduced matrix 
in step 2. It can be shown that 


CEN з 
9x = 0.000344 X (lai)? == 0.000344 (0.018658) * = 0.000000119734 
ісі 


T2 8 | 
№ = 0.000344 X (tei)? = 0.000344[ (—0.008643)* + (0.019447) =] 


i=l 
— 0.000000117 593 


9), ын 3 " a 
“= 0.000344 X (ts)? —0.000344[ (—0.007504)* + (—0.021622)* 


ігі 
+ (0.029000 )=] 
= 0.000000469498 


A/B 
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and hence 
oy, = 0.00068520 


ом = 0.00039471 
в», = 0.00034605. 


Since each of the A's exceeds twice its standard error, we may assert 
that each of the measurements contributes to the effectiveness of the 
discriminant function. If one or more of the Xs did not exceed twice 
its standard error, this would imply that the measurements associated 
with these A's did not contribute significantly to the discriminant 
function. These measurements could then be discarded, and a new 
diseriminant function computed. In practice, this would amount to 
recomputing the entries in the rows following the row corresponding 
to the first discarded measurement. If the last row (or rows) a8 
omitted, no further computation is necessary. A corollary of this 
would lead one to place in the last row that measurement which on an 


4 priori basis would seem to contribute the least to the discriminant 
function. 


Step 4. The discriminating value: 
the two populations sampled we need 
standard we shall term the discrimina 
one population values which exceed t 
population values less than this stand 
nating value as follows: 
function associated with 


To assign individuals to one of 
a standard of judgment. This 
ting value, and shall assign to 
his standard and to the other 
ard. We compute the discrimi- 
We determine, first, the means of the linear 
the two populations, thus 


Žo == В; + AP. + №85 
= (0.005173) (47.173469) + (0.002609) (90.551020) 
+ (—0.003619)(74.142857) 
— 0.211953 
Xo —XBo + Ао + Аз@о = 0.145157. 


To obtain the diseriminant value, Y, we merely solve 


- Ж г 
r= er = 0.178555. 


Accordingly, we shall assign to the male population those individuals 
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Where the discriminant function exceeds 0.178555, and to the female 
ы ips individuals where Ше diseriminant function is less 
the NC A discussion of the rationale underlying the choice of 
inating value will be found in Rao (752, p. 296). 
onvenient to convert the Ав to 


n scoring individuals, it is often с 
tual values are relatively unim- 


values more easily remembered. The ас 
Am eos diserimination rests on the proportional relationships. 
Жош. hen, divide Ar, As, and As by а constant factor. say As, which 
паке: A == АИА, Ma 1, and А = №/А, and in the present 
Ln А, — 1.9828, A, — 1.0000, and №: — 13871. This device, 
сс to a ehange of seale in the discriminant function with 
iseriminating value being 68.42. 


of M 5. The classificatory error: We have indicated that the purpose 
tidie Iseriminant function is to facilitate assigning to one of two or 
uns осеги an observation known to have been drawn from one, 
mi cified member of this group of populations. it the populations 
тозы are uniquely different, obviously no discriminant function is 
and ж More frequently, however, the populations are not unique 
USE there arises the possibility of misclassification of an ob- 
im One of the advantages of the discriminant function is the 
duoc T which it affords to appraise the classification error in an 
tified nie fashion, an advantage not enjoyed by subjective OT unquan- 
Ду experimental standards. 
a нық qun the classification error associate | 
е ha we proceed as follows, again using the 1 : 
Serv m indieated in the previous section that we shall assign n 
м т ue the male population if the value of the ecm 
slion тк with the observation exceeds 0.178555, to the fema е ЕДІ: 
and гі the value of the discriminant function is less than ee АА 
Precise] қый unlikely event that the discriminant value inn = 
9r fem à equal to 0.178555 we would assign the observation to 7 >= е 
0178555 group by tossing a coin (if M, №» and Хз are ee hen 
9 ob 55 must be replaced by 68.49). Now we should expect; by chance, 
tain some male values which were smaller than 0.178555 and would, 


d with a discriminant 
llustrative material: 


ob 


eref, > 
Жең? be erroneously assigned to the female population, and con 
Y, we should expect to obtain some female values which were 

assigned to the 


ar 
Ser than 0.178555 and which would be erroneously 


mal Е 
е population. Our task is to determine how frequently these two 
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events would occur. Аз a consequence of the assumption that each 
sample is drawn from a p-variate normal population, the observed dis- 
criminant values, for a given population, will be normally distributed 
around the mean value for that population, hence Negro male values 
will be normally distributed about the mean 0.211953, and female values 
around 0.145157. Тһе error frequency associated with females, then, 
will correspond to the area to the right of 0.178555 of a normally dis- 
tributed variable with mean 0.145157, and variance equal to 0.00034432 
(mean square within sexes). 

Now the normal deviate with zero mean and unit variance is merely 


0.178555 — 0.145137 — 0.033398 — 1.800 
0.00034432 = 0.018556  " ^7 


From a table of the normal deviate, we note that 3.695 of the area 
lies to the right of this value. We should, then, misclassify females 
with a frequency of roughly four in one hundred. Тһе frequency with 
which males would be misclassified would be the same since the dis- 
criminating value is so chosen as to equalize the classificatory errors. 

Suppose, now, that an unknown specimen was drawn from the 198 
individuals available to us, and we ask how frequently would we ms- 
classify this “unknown” individual. This frequency would merely be 
the sum of the products of (1) the probability of drawing a male 
and the probability of misclassifying him, and (2) the probability of 
drawing a female and the probability of misclassifying her. Since the 
frequency of males and females is approximately 1:1 in this group» 
this sum is merely 3.6%. 


DISCRIMINANT ANALYSIS RESULTS 


In carrying out discriminant analysis it is necessary to get sums of 
the cross products for each individual pair of the measures used. Inas- 
much as two of our series, one male and one female, could not be 
measured for the epicondylar width of the humerus, the calculations 
for the statistics for each measurement and for the discriminant mm 
tion are based upon a reduced sample (98 male and 100 female). The 
figures 1-7 include the whole series. The measurements of these en 
individuals were not in the ‘problem’ range for the ischium-pUu Г 
index and their removal from the sample has little effect. (Samp 
used is shown in Table 1). 
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Table 2 gi 

ы 5, ouis " ва 

ыы the correlation coefficients between all of the 7 

mee a E used. (Sternum width was not used as this would have 
emale sample even further and because it is not a very 


good discrimi 
5 - 
iseriminator. as can be seen in figure 2). 


TABLE 2 


Corr. i d 
cla дейісіс і 
tion coefficients between all pairs of measurements Use 


in the discriminant analysis 


MEASUREMENT А = = 4 5 = = 
А 1.0000 
^ A097 
H 10477 1.0000 
М 5011 5708 1.0000 
ч 8108 3902 .5086 1.0000 
и 4179 083 4370 4212 1.0000 
до 4015 5987 отоо 1.0000 


where A — femur length 
— femur head diameter 


G — pubis length 
С = humerus length 
р = epicondylar width of humerus 


E = clavicle length 


Tabl . 

in one =ч à gives the coefficients of variation (proportion of variation 

Tesults ^» explained by variation in another). In table 4 some 
> 4, 6 and 7 measure combinations) of the discriminant 


analysis are given | 
d to test how one set 


I 
of tions p» 8 the data from this series ате use | › 
Series, Thy : eloped in the discriminant analysis apply to this particular 
for each ; os discriminant function for 4 measurements is calculated 
at the 4. and the values plotted on 2 scale. Figure 8 shows 
9ne ierdie als for three males are less than 665, the limit value, and 
are nop ас more. Tn other words, 4 individuals, от 2% of the series, 
eurately sexed. The probability of wrong classification of 
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3.1%, as calculated in the discriminant analysis, was in fact slightly 
ы > 
bettered. 

In the 6 measurement analysis, only two skeletons,? one female and 
one male, are not properly sexed when the values are applied to this 
series. The same two individuals are again not sexed in the 7 measure- 
ment series. 


TABLE 3 


ч х НЕР 5 Я i by 
Coefficients of variation (proportion of variation in one variable explained y 
variation in another) between all pairs of measurements used 
in the discriminant analysis 


MEASUREMENT A B F © с р E 
A 1.0000 
в 2141 1.0000 
Е 4195 .3580 1.0000 
G .3613 .2259 .3258 1.0000 
с .6574 11839 .3483 .2587 1.0000 
р A746 .2869 .2584 .1910 11774 1.0000 
Е 3169 .0689 .1845 .2002 2764 .0734 1.0000 


where A — femur length 
B — femur head diameter 
Е = ischium length 
G — pubis length 
C — humerus length 
D — epicondylar width of humerus 
Е = clavicle length 


In practice the values given in table 4 are quite simple to use. 
Three, 4, 6, or 7 


{ measurements are taken, the appropriate multipliers 
are used as shown in the table and the totals of these products are 
obtained. If the total is under the limit value, the skeleton is female; 
if over, it is male. 


*'The males with a femur head diameter of only 40mm would have €: 
correctly sexed if it had instead been 42 mm, Тһе female, with а femur pen 
of 47 mm would have been correctly sorted if it had been 45mm. The ischium- 
pubis index for the male is 85.2 and the female 89.0, both in the “ overlap ег 
It is in the unusual diameters of the femur head that these two skeletons 
especially deviant. 


19 
e 
e 
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TABLE 4 


The results of the discriminant analysis for combinations of 3, 4, 6 and 7 


measurements as given in multipliers to be used, the limit values, 
pected ranges 


probabilities of misclassification and ет 


TXT 6x6 4x4 3x3 
A. Femur length 07 1.00 1.00 
В. Femur head diameter 58.14 31.40 16.53 1.98 
F. Ischium lenth 10.25 11.12 6.10 1.00 
G. Pubis length — 63.64 —344T —13.80 —1.39 
C. Humerus length 2.68 2.45 
D. Epicondylar width of 

21.08 16.24 


humerus 


Discriminating values 
VALUE SEPARATING PROBABILITY OF ERROR RANGE WITHIN 
хүніси 99% 


THE SEXES (9 ARE IN CLASSIFICATION 
WILL FALL 


LESS THAN THE VALUE) PER CENT 
TXT 4099 15 2664-5593 
6x6 1953 2.5 1205-2701 
4x4 605 3.1 367-963 
3x3 68 3.6 50-86 


FEMALE = О P 
2 
© 


(4X4) 


Fio. 8. Тив RESULTS OF А TRIAL OF DISCRIMINANT ANALYSIS VALUES 
Boxes ОЕ KNOWN SEX. 


APPLIED TO 198 AMERICAN NEGRO 
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For example, an actual case which cannot be sexed by ischium-pubis 
index or femur head size has the following measurements: 


1. femur length 429 
2. femur head diameter 44 
3. ischium length 84 
4. pubis length 73 


The multipliers from table 4 give: 


-- 1.00 X 429= 499.00 
416.53 X 44— 727.32 
+ 610Х 84— 512.40 
—13.80 X 73 — —1007.40 

Total— 66139 


Аз the limiting value is 665 and all under it are female, this skeleton 
is classified correctly as female. 
RIGHT-LEFT ASYMMETRY ВУ SEX 


In table 5 the results are given by right-left comparisons for the 
femur, humerus and clavicle by sex. 


TABLE 5 


Dominance in length in right-left comparisons by sez in percentage for 
three bones from each of 200 American Negroes 


MALE 


FEMALE 
MEASUREMENT Right Left Equal Right Left Equal 
Femur 37.4 — 444 — 182 352 505 14.3 
Humerus 440 420 140 714 143 143 
Claviele 230 65.0 120 38.1 58.4 9.5 


There is а striking dominance for the right side in the humerus 
for females and for left dominance in male clavicles. While the pattern 
for both sexes is apparently right-armed and left-legged, the simple 
functional explanation that this implies does not hold for the clavicle- 
Trotter and Gleser (752) find this same dominance pattern with я 
exception that in their Negro males series the left humerus was wn 
longer than the right, but the right arm dominance was borne out 
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т А 

iy d a In our series the right is only slightly more frequent 
in of no obvious value for sexing skeletons, these right-left 
Lt are not the same for each sex and should be explained by 
кың other than mere functional handedness dominance. The 
| е size of the mean differences between sides is small with the 
argest being 4.5 mm in the left male clavicle. 


DISCUSSION 


ы E entent of sexual variability for several measurements is given 
и са 1-6. Methods of sorting individual skeletons based on this 
ери "i pattern have also been presented. These methods, while 
Шы : к for this series of adult American Negroes, may have 
lation n yae for sexing other series, oF individuals from other popu- 
The Е What degree of general applicability do these methods have? 
T nswer to this depends first, upon the degree that gross size varies 

en populations for each sex, and second, on the degree ihat the 
eleton is the same within these populations. 


sex ; гай 
о dimorphism in the sk 
he answ s "^ ; ac RM ЫЛЕ 
answer to the first question 15 obvious. Variation in size is marked 
bsolute size of the limiting values 


емее races, and consequently the а 
кик. ing the sexes must be revised for each race according to their 
баққанын place on a scale of racial variation m mean size for each 
нен E For instance, while 44mm may be the point in the 
"d S Size of the head of the femur which best separates Negro males 
Rin emales, it would undoubtedly be a smaller value for some other 
ups and larger for still others. 
к... second question dealing with 
ie et ion of relative sex differences 
phism Pu easily answered. Тһе fundamental pa 
with пе basically а species characteristic but we | 
em Ж, degree that a racial variation exists within the араш. We 
dius precise answer to this question. Schultz (37) states, E es the 
the io^ iesus races differ but very little in the degree with which 
hys tha surpass the females in the length of the long bones.” Не 
is bet hat the relative length of the female to male humerus or femur 
d 9195 and 93% for White, Negro, Eskimo, and American 
itisg series with an average of 91.84%. Іп Portuguese (Pons, 55) 
9.5% and in our series it їз 92.0. Hirdlicke (41) indicates little 


the degree of regularity in ihe 
within the varieties of mankind 
ttern for sexual dimor- 
are concerned here 
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or no sex differences in the ratio of femur length to stature for either 
the White or Negro races. Pearson (1899) in accumulating his basic 
data used for deriving curves for estimating stature from long bones 
was of the same opinion. In fact, the early workers dealing with the 
problem of estimating stature felt that possibly a single formula was 
equally efficient despite differences in race as well as sex. Recent 
studies (Dupertuis and Hadden, 751; Trotter and Gleser, 752) however, 
have shown that this is not the case and that each race probably has a 
slightly different formula describing the relationships. Trotter and 
Gleser go even further and find that there are differences for both race 
and sex. They state (p. 511), “It is evident . . . that it is necessary 
for the sake of obtaining the most accurate estimates of stature to 
have different equations for each of the two sexes and for cach of the 
two (White and Negro) races.” From their data we may conclude 
that the pattern of dimorphism, while not identical for these races, i$ 
only slightly different. In conclusion, there is а predominant similarity 
in the degree of sexual dimorphism for man with a minor but unknown 
amount of difference at the racial level. 

Schultz (230, 737, 249) has shown that in comparing the relative 
proportions by sex in the long bones of man and the apes there are 
appreciable differences among these primate forms. Also the ischium- 
pubis relations are quite different with a much greater overlap between 
the sexes in the ape index than in man. Washburn (749) has shown 
that for three species of monkeys the index is different from man with 
no overlap occurring between the sexes. Schultz (287) has also shown 
that the extent to which the sexes differ in size fluctuates widely in 
primates. Не concludes that man stands in regard to the size of se* 
differences in between the macaque and chimpanzee on one side and the 
orang-utan and gorilla on the other. From these data describing dit- 
ferences in primate skeletons of known sex we may conclude that the 
expression of sexual dimorphism differs among primate forms. There 
is no basie primate pattern holding for all varieties, nor is there аррат" 
ently a monkey pattern or an аре pattern, yet man seems to have a 
highly homogeneous pattern within the species. 

In light of the previous discussion, we may draw the following 
conclusions. First, we can effectively operate at present on the assump- 
tion that the expression of sexual dimorphism is relatively similar m 
pattern for all varieties of man. This means that the shape of the 
bimodal curves describing sexually varying characters within popula- 
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tions will be approximately the same. Second, the location of these 
curves on а scale of absolute size will vary for different races. The 
limit values efficient for separating the sexes will consequently vary. 

Consideration of these conclusions about the nature of the sexing 
problem suggests a practical application of our discriminant analysis 
beyond the American Negro population. An assumption of normal dis- 
tribution is basic to the discriminant analysis. As our problem is to 
redefine the limit value for other populations, the following method is 
suggested, based upon the expectation that normal curves will describe 
the variability in any population for these measurements. If mean 
values for each combination of measurements as used in this study are 
known by sex for any other group, the multipliers can be used and an 
average yalue for each sex determined. The discriminating limit for 
any population will be one half the difference between these average 
values for each sex. Limit values so determined could be applied to 
skeletons of unknown sex with a high level of confidence. 

Continuing to point out practical approaches to the problem of 
sexing skeletons, we might mention the results obtained when an 
analysis of discrimination for а redefined ischium-pubis index measure- 
ment is done. The ischium-pubis index as previously used has ill- 
defined landmarks and thus suffers in accuracy. The following is offered 
as an improvement. 

If the pubic measurement were 
acetabulum border to the superior р 
the ischium length to the far border of the acetabulum, the femur head 
size also would be included in the single index. Femur head diameter 
should be included because it is probably the best single measurement 
for sexing and would be included in this index because it is highly 
correlated with acetabulum size. To test roughly this idea, an index 
Was made by taking pubis length minus half the femur head diameter 
dividing by ischium length plus half of femur head diameter. Using 
this method, a limit value of .500 correctly sexed all but 7 individuals 
In the series which is Success at the 96.596 level. While this method 
18 not precisely what was recommended, the-limit value for this method 
` ;hich would make it quite easy to use. 


Will probably be close to 5 А 
А series of known sex pelves should be studied to determine what the 


Teal limit should be and how efficient it is. 
Additional support of the idea that femur head should be used with 
е pubis in making 8 simple sexing index is the fact that in this 


to be taken from the nearest 
oint of the pubic symphysis and 
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series а pubis-femur head index is more efficient than the ischium-pubis 
index. Using a value of 89.0 for the limiting value in ischium-pubis 
index, 13 individuals are not properly sexed, whereas using a limit 
value of 1.72 for pubis-femur head, only 11 are not properly sexed. 

There are many “hallmarks” of sex that are proposed by various 
authors,? yet it seems that the efficiency achieved in sexing the skeleton 
by measurement or morphological form has about reached the upper 
limit. We notice in examining the nature of variability in the features 
recommended in the literature for use in measurement or observation 
that there are certain deviant individuals who are completely out of 
their expected range. 

The variability for the “hallmarks” of sex in the skeleton is dis- 
tributed along pathways separating only after an undifferentiated pre- 
puberty. Comparing the sexes, the males differ from pre-puberty most 
in changes in gross size of long bones, as can be seen from any growth 
curve. The females differ less in longitudinal growth but show special 
effects of endocrine mediated changes. Washburn (748) in discussing 
this has shown that while the range of ischium-pubis index is the same 
for each sex before puberty, with puberty the female alone has appre- 
ciable growth in pubis length. Analysis of the patterns of variability 
by Sex seems to indicate that the ‘hard to sex? skeletons—the deviant 
individuals—are the males who did not achieve their expected size 
change and the females who exceeded expectation. Тһе failure of 
individuals to conform to the expected endocrine patterns seems much 
less frequent. Without exception the standard error of the mean for 
male variability is greater than for females. The number of males 10 
females in the “overlap” range for ischium-pubis index is 25:15. 
For Washburn's series (^48, 749) the ratio for American Negroes iS 
13:4, and for Bantu it is 19:3. From this it seems that the problem 
cases for sexing are the males who have interference with their normal 
longitudinal growth, and females who greatly exceed the average for 
their sex. Possibly a series of healthy individuals would give skeletons 
free of any problem cases. As most human skeletons of known $e* 
come from dissecting room material we do not know to what extent 
the peculiarities of this sample source create difficulties in sexing- 


з An example is given in a recent study of Sauter and Privat (55). They 
summarize many previous methods as well as propose a new index. A more 
thorough summary of sexing procedures and a study of sex differences in the 
innominate bone suggesting new methods is given by Genoves (755). 
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One clear conclusion to be drawn from this study is that sex in the 
skeleton сап be determined with great accuracy. In an unknown series 
of Ameriean Negroes, using the 7X7 discriminant analysis values, 
over 98% accuracy is assured. The levels are lower for other methods 
but the results are still better than those obtained if sexing is done by 
using apparent total morphological configuration. 

In view of the controversy over this point (Stewart 754), some 
remarks seem in order. In the first place it should be mentioned that 
the probability statements that are a property of a certain method apply 
only to series in which diserimination is done by that method. Ifa 
single specimen is to be sexed, the relative position of that individual 
on the total seale of variability for sex is what dictates the probability. 
By eye or by measure it may be readily known that there is little chance 
of incorrect sexing. For instance, in figure 8 the two males with values 
over 975 are certainly male. The point is not that one can be sure, 
but rather it is that the inexperienced person can be as sure as the 
expert. In the alternate cases where the signs of sex are confusing 
and the values are close to the limit value, the beginner or the expert 
can be equally certain of the doubtful nature of the case. It is most 
important that the beginner, and possibly the expert as well, should 
know when he is in trouble. The measurement method can tell him. 

Stewart (754) writes that attempts to sex by measurement are not 
better than the old methods which gave greatest weight to total mor- 
phological configuration. He interprets Washburn and Hanna (53) 
to recommend that “measuring the pelvis should replace the tradi- 
tional method in which the whole skeleton. or whatever part is available 
is inspected.” (р. 389.) He concludes that only in special cases should 
it ever be necessary to measure and that this method be applied only 
When there is а certain basis for the need to use measurement. Stewart 
Soes on to say. “It is à waste of time and effort to measure such 
Specimens (the better differentiated ones) simply to verify what the eye 
$0 quickly discerned.” It is undoubtedly true that measurement is more 
laborious but the crux of the matter is not this. The error lies in the 
x е. sexing by eye, although nra one ‘tool,’ Bes one method. 

rts remarks are quite in order if he is commenting on the problems 
of Sexing an isolated single specimen. On the other hand, for deter- 
iously of value to use à single and 
a should not be used for each speci- 
possibility of accurately 


4 ining sex in a series it is obv 
orn, method. Different criteri 
еп if it ean be avoided. Otherwise there is no 
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estimating error and an element of uncertainty of an indeterminate 
amount will color and dilute the security of any related conclusions. 

The appeal of the measurement method is primarily derived from 
the degree that verifiable scientific methods are introduced to enel 
less satisfactory ones. There are cases where fragmentary evidence an 
unusual circumstances require the services of an expert who must 
almost intuitively arrive at conclusions, but this does not mean that 
such an approach is satisfactory when it is unnecessary. Тһе introduc- 
tion of precise measurement methods does not rule against the need 
for the expert but rather adds variety to his methods and demonstrable 
certainty to his conclusions. 
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INTRODUCTION 


IVILIZED people employ a range of sleeping surfaces which in- 

cludes those which are extremely soft and those which are very 
hard, often being but a wooden floor covered by a thin mat. It thus 
appears that man is able to sleep on any surface to which he is accus- 
tomed. Тһе question of the advantage of one type of supporting surface 
over another appears, however, to be unsettled. With this problem 12 
mind the present study has been conducted to determine whether there 
is any appreciable variation in certain physiological reactions recorded 
during sleep which can be related to the properties of the surface ОЛ 
which the sleeping subject is supported. Since it is not feasible tO 
attempt to evaluate the quality of sleep under different conditions, sleep 
has been measured quantitatively in terms of its depth and net 
Quantification has been made on the basis of EEG recordings confirme 
by stimulus-response studies. This objective evaluation has been em 
pared to the nightly subjective estimate of the sleepers. In additio 
several other physiological variables (body movement, heart rate and m 
temperature) have been recorded to supply still more informatio! 
concerning the course of sleep during the night. 


ing 
1This work was conducted in the Sleep Laboratory of the U. S. Testi 
Company. Support was received from the Simmons Company. 
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METHODS 


Тһе results discussed here were obtained from two adult male subjects 
who slept under observation for 5 nights a week during a period of 6 
weeks and two others who slept under observation 5 nights а week for 
three weeks. This comprised a total of 90 sleep nights. The sleepers 
rotated through three different, constant temperature, sound-conditioned 
sleep rooms which differed only in the nature of the sleeping surface 
provided. One room contained а standard modern innerspring mattress, 
one a feather bed, and one a sheet of 14 em plywood covered by a thin 
carpet. The hardness of the various supporting surfaces was evaluated 
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Fia. 1. Loap-pEFLEOTION CURVES FOR THE THREE SUPPORTING SURFACES. 
кезей О 8окт; Х---Х Мерісм; 9—— 9 HARD. 


Known weights ranging up io 150kg were 
Placed on а board measuring 45 by 90 em and located in the approxi- 
Mate center of the supporting surface. The depression of the board due 
to the compliance of the supporting surface was then registered over 
? range of weights used. Figure 1 shows that а marked difference in 
hardness was provided by the three supporting surfaces employed. In 
Subsequent sections the board is referred to as the “hard” surface, the 
standard mattress as “medium,” and the feather mattress as * soft.” 
The EEG was recorded from frontal, temporal and occipital leads 
With small silver electrodes sealed to the scalp by several layers of 


by means of a deflection test. 
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collodion. A pre-sleep record was obtained and then immediately fol- 
lowing lights-out a continuous record was taken for 20 minutes. In most 
instances this interval was sufficient to cover the initial going-to-sleep 
period of each subject. Subsequently the EEG was recorded for two 
minutes out of each 5 during the remainder of the 7-hour sleep period. 
The EEG records were evaluated by means of the usual criteria (Blake 
et al., 739; Davis её al., 39 and Gibbs and Gibbs, 750) and estimated 
depth of sleep was graded from 0 — awake to 4 — deepest sleep. (Ной- 
man et al., “56 and Brooks et al., 256). 

Тһе accuracy of the estimation of sleep-depth for each subject was 
checked by means of stimulus-response studies employing sound stimuli 
of known relative intensities. Tone pulses at 1500 eps and of 500 msec 
duration were delivered to each subject at widely spaced intervals 00 
different nights. During these tests the EEG was monitored contin- 
uously and at each estimated depth of sleep, sound stimuli of increasing 
intensity were applied. The response to those stimuli was evaluated both 
in terms of the appearance of the “К complex” and also the stimulus 
intensity required to produce frank arousal of the subject. 

Body movement was recorded by means of tambours attached from 
below to the center of the supporting surface. An attempt to equalize 
the recorders was made by adjusting the recorders’ sensitivity for each 
bed so that standard movements gave deflections of similar magnitude 
on all three surfaces. "The heart rate was determined from EEG records 
obtained simultaneously with the EEG. The electrocardiogram leads 
were attached to the anterior and posterior surfaces of the chest to avoid 
interference with limb movement. Skin temperature was recorded by 
thermocouples sealed to the plantar surface of the great toe and to the 
inner surface of the axilla. Each thermocouple was covered by cotton; 
silver foil, and several layers of tape. АП electrode leads consisted of 
thin, flexible wires plaited into a soft cable which emerged from the 
pajama collar. This cable did not interfere with ordinary body move 
ments during the night. 

The subjective estimate of sleep was recorded in the following manne™ 
Each subject was required to evaluate the previous night's sleep after 
wakening, by marking an appropriate point on a vertical scale ranging 
from 0 to 100. The range of variation in score for the 4 subjects 
differed widely. 

All sleepers were engaged in their usual occupations during each day 


of the study. They reported to the sleeping rooms at 9 P. M. each night 
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and filled in questionnaires on the activities of the day, food intake, etc. 
The first three nights for each subject were considered as a breaking- 
in period and results from these nights were not used in subsequent 
evaluations. 


à ESTIMATED DEPTH OF SLEEP 
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TIME IN 1/2-HOUR PERIODS 


AND AVERAGE VALUES FOR ОхЕ SUBJECT 
тер AS TWO-MINUTE AVERAGES WITH 
HALF-HOUR AVERAGES BY DIAGONALLY 
.) HALF-HOUR AVERAGES 

(XXX), Hatr-Hour 


Fra. 9. COMPARISON OF SINGLE NIGHT 
FOR ALL SURFACES. SINGLE хавнт PLOT 
Heavy LINE, AVERAGE VALUES PLOTTED AS 
LINED AREA. Тов TEMPERATURE SHowN WITH ( + 
(DountE DIAGONALS), AXILLARY TEMPERATURE WITH 
AVERAGES (DIAGONAL LINES). 


RESULTS 


Figure 2 shows а sample single night record for one subject of ihe 
estimated depth of sleep, heart rate, frequency and duration of move- 
Ment, and the toe and axillary temperature. Certain of these variables 
Warrant some mention prior to evaluation of the effects upon them of 

е supporting surfaces. Most important of these is the change in EEG 
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pattern recorded at different periods of the night and its relation to 
the depth of unconsciousness. 


Stimulus Testing of Depth of Sleep: When the EEG tracing showed 
predominant alpha rhythm (stage 0) or a low voltage pattern (null 
phase, stage 1) sound stimuli of moderate intensity did not elicit à 
typical and complete K complex. Somewhat stronger stimuli, however, 
gave rise to a wakening reaction characterized by a change in the EEG, 
an increase in muscle action potentials, frequent overt body movement, 
and often а change in heart rate. At somewhat deeper levels of sleep. 
identified in the EEG by a predominance of waves at 4-7 eps (stage 2) 
or the appearance of spindles at 14-16 cps (stage 3), low intensity 
sound stimuli were invariably followed by complete K complexes. At 
these levels stronger stimuli were required to produce arousal. In deepest 
sleep, characterized by delta waves and slow spindle activity (stage 4), 
the K complex was not recorded after moderate to strong stimuli and 
very intense stimulation was necessary to produce an awakening reaction. 
At this time also, the duration of the arousal reaction was often brief 
when compared to that elicited during lighter stages of sleep. In general, 
although there was some slight individual variation the same relation- 


ship between EEG pattern and response to stimulation was found for 
all subjects. 


Electroencephalographic Evaluation: Direct observation of the sub- 
ject and the effects of sound stimuli were both relied upon until it was 
thought that the depth of sleep for any subject could be estimated 
satisfactory from his EEG tracings alone. After this, each two-minute 
sample of the EEG was evaluated and assigned the appropriate numerical 
value (0-4). From these values a curve was constructed which repre- 
sented the change in depth of sleep throughout the night (see figure 2). 
Аз has been reported previously (Hoffman et al., *56; Brooks et al., "56 
and Kleitman, *39), there are a number of cyclic fluctuations in such 2 
curve. The usual pattern shows a fairly rapid transition to deepest sleeP 
(stage 4) within the first 60-80 minutes, and then a partial arousal. 
Subsequently, sleep again deepens but rarely reaches the depth attained 
initially. During the night the average levels and also the peaks of the 
curves tend to move from deeper to lighter sleep. 

It was of some interest to note that for each subject, although there 
was considerable variation in the configuration of the curve on differen 
nights, the cyclic nature of sleep depth was sufficiently consistent 10 
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appear quite prominent in the average curve for any one sleep surface 
(figure 3) and even for all nights combined (figure 2). Тһе consistency 
of pattern was most prominent during {һе initial period of going to 
sleep; this can be seen in figure 4А, which shows the frequeney with 
which each depth of sleep oceurred in each two-minute sample during 
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the first 80 minutes of the night. Similarly, when the average value for 
each half hour of the night is plotted in the same manner (figure 4B) 
the relative regularity of the fluctuations in sleep depth again becomes 
evident, 


-Heart Rate: The relationship between variations in heart rate and 


fluctuations in the depth of sleep are shown in figure 2. The reciprocal 
nature of this relationship has been demonstrated previously (Brooks 
et al., ^56) and it has also been shown that in spite of the good moment- 
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to-moment correlation between estimated depth of sleep and heart rate, 
the average nightly heart rate is only poorly correlated with the average 
nightly depth of sleep (Brooks et al., 756). Similar results have been 
obtained in the present study. Of some interest, however, is the relative 
magnitude of the change in heart rate for a certain change in the depth 
of sleep (figure 5A). Based on the average values for all subjects when 
the depth of sleep increased or decreased by two or three levels the 
heart rate slowed or accelerated by only 4 to 6 beats per minute. Since 
the average heart rate for all subjects was 62.5, this change amounts to 
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SHOWING COMPARISON BETWEEN FIRST 


less than 10%. Furthermore, the shape of the curves in figure 5B 
shows that the heart rate would be a less sensitive indicator of large 
alterations in sleep depth than of smaller changes in depth. Finally, 
the magnitude of the alteration in heart rate is not constant throughout 
the night; as seen in figure 5B, the slope of the line for the first two 
hours of sleep is significantly less (p < .01) than for the last two hours 
of the night. 


Body Movement and Skin Т 
be associated with a decrease іп t 


emperature : Body movement appears to 
he depth of sleep (figure 2). However, 
as has been shown in previous studies (Hoffman et al., 56; Brooks et al., 
6 and Kleitman, 739), there is no consistent significant correlation 

etween the number of recorded body movements on а given night and 
the depth of sleep on that night. The only other physiological variable 
Consistently related in a significant fashion to frequency of body move- 
Ments is the duration of each movement. Two other points concerning 
ody movement became apparent in this study; during the first hour 
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of sleep, body movement is less likely to be associated with an appre- 
ciable decrease in depth of sleep than later during the night; second, 
there is a consistent increase in the frequency of movement of all 
subjects as the night progresses. 

Тһе results obtained from records of toe and axillary temperatures 
were not rewarding. Under the conditions imposed, there was no con- 
sistent progressive change in either temperature during the course of 
the night (see figure 2), nor was there any significant nightly average 
relationship between toe and axillary temperatures or between either 
temperature and any of the other variables studied. 


Comparison of the Supporting Surfaces: Some impression concerning 
the effect of the different supporting surfaces on depth of sleep estimated 
from the EEG may be obtained from inspection of the average curves 
in figure 3. In order to obtain a basis for quantitative comparison the 
average depth of sleep per test period for each surface was determined. 
These values for each of the 4 subjects are shown in table 1. It is 
apparent that the magnitude of the difference in average depth of sleep 
on each of the three test surfaces differs quite markedly between the 
4 subjects: for two of them (W and He), in terms of the area under 
the depth of sleep curve for the entire night, this difference is appre- 
ciable; for опе (P), however, the values are practically identical. These 
differences for each subject on each surface are summarized in table 1. 
It can be seen that there is a Significant difference for subjects W and 
He between depth of sleep on the medium and hard surfaces, and only 
for subject W in the case of the other two comparisons. 

When the results obtained for all 4 subjects are averaged (table 1) 
it appears that there is a group preference for both the medium and soft 
over the hard surface. Similar results are obtained when the depth of 
sleep during either the first or second half of the night is employed 
in place of the average for the entire night. On the other hand, if the 
comparison is restricted to the first hour of sleep there is no appreciable 
difference between any of the test surfaces with respect to either m 
results for each individual subject or the average results of the entit? 
group (figure 6). 

It is interesting to compare the results obtained from estimatio? 
of the depth of sleep from the EEG with the evaluation of the goodness 
of their night's sleep on the different surfaces by each subject (table 2). 
It should be noted in observing the results that the 4 subjects rate 
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\ 
TABLE 1 
Estimated depth of sleep 
AVERAGE VALUE DIFFERENCE BETWEEN SURFACES 
SUBJECT PER SURFACE* Difference* t p< Significant Preference 
5 1.94 8-Н-- .05 519 Л Хо — 
Ho H 1.89 HM=—11 1170 .3 Хо — 
M 2.00 S-M = —.06 (6171 6 Хо — 
S 2.20 SH= 418 2.67 .02 Yes 5 
У H 202 .001 Yes M 
M 235 2 Yes M 
5 1.85 No — 
P H 1.84 Yes M 
M 1.84 Мо к 
S 2.26 No = 
Ve н 2.04 No = 
M 2.29 No ES 
| S 207 Yes S 
! Average of H 195 За M 


#5 = soft, Н = hard, М = medium surfaces 
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OF THE SUPPORTING SURFACES ровхо THE First HOUR OF THE SLEEP PERIOD. 
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of scores for one subject rarely varied by more than 5 units, Шын 
the others the scores on different nights differed quite — 22 isi 
ever, the data obtained do show that the subjects were aware of di S ei 
in the supporting surfaces and expressed quite definite idi 
cerning the effect of the surfaces on their sleep. Thus all of the s 
rated the hard surface lowest of the three possible choices (tab d 
and the 4 subjects treated as a group, showed a significant prefer 


е the | 
for either the soft or medium surface over the hard (table 2). On 


TABLE 2 


Subjective estimate of sleep 


— 
—— 


AVERAGE VALUE DIFFERENCE BETWEEN “ preference 
SUBJECT PERSURFACE* —— Difference* t p< Significan 


5 
M 


S 856 S-H— 305 
Ho H 551 — H-M— 299] 
M 842 SM= 14 


I Yes 
01 Yes 
E No 


S 029 SH= 10 297 8 No 
м н 619 Н-М = —31  .881 4 No 
M 


M 650 S-M= —21 612 46 No 


5 97.4 S-H — 
P Н 70.2 H-M = — 
M 973 5-М- 


2 8.00 .001 Yes 
6 8.88  .001 Yes 
4 89 4 No 


S 63.6 S-H— 49 383 .8 No 
He H 594 H-M = —98.6 306 (09 Yes 
M 880 S-M = —944 315 01 Yes 


S 762 S-H— 159 Yes 
Average of н боз H-M = 


19.0 Уез 
all subjects М 193 


5-М = 31 No 


*S=soft, Н = hard, M — medium surfaces 


А "T 
other hand, when the subjective estimates of the individual sleepers 81 
analyzed (table 2) it сап be seen tha 


between the statistically significant 
depth of sleep and those based on th 
This failure of correlatio: 
evaluation and should n 
objective measurement. 


t there is no consistent relations h 
preferences based on the estima er- 
e subjective estimate of the wn 
n is probably due to differences in basis 


| 
ge 
their sleep on the three surfaces in widely different ways; thus the rang 
- о 
ОЁ bring into question the basic claims 
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А somewhat similar picture is presented by analysis of the movement 
of the various sleepers during the night. In all cases the average 
number of moves was greatest on the hard surface (table 3) and results 

TABLE 3 


Number of moves/5 minute period 


AVERAGE VALUE DIFFERENCE BETWEEN SURFACES 


SUBJECT PER SURFACE* Difference* t p< Significant Preference 
S .602 115 Л No — 
Но н 810 2.22 .05 Yes M 
M .556 AM 4 No = 
S 4403 117 3 No = 
Ww H .559 216  .05 Yes M 
M 442 919 4 No = 
S 2253 6.79 001 Yes S 
P н 51 376 01 Yes M 
M .333 110 2 No — 
S 2536 .100 1.0 No = 
He И 0542 3.33 .02 Yes M 
M 438 354 201 Yes M 
S .501 SH= .147 Yes 5 
Average of н 648 Н-М- .208 Yes M 
all subjects M аа 8-М= 057 No = 


* S = soft, Н = hard, М = medium surfaces 


for the group of subjects revealed a real preference for either the soft 


or medium over the hard surfaces (table 3). However, as in the case 
of the subjective estimate, there was по consistent correlation between 
the significant results for individual sleepers based on movement and 
those based on estimated depth of sleep or subjective judgement. 

The results of studies of average heart rate are shown in table 4. 
As might be expected from the results described above, the heart rate 
Was practically identical on all surfaces for each of the 4 subjects. 

emperature studies were similarly unrevealing, the only positive result 
eing a suggestion that this yalue was higher when the sleeper was on 
the soft т. сем If the soft surface tended to envelop the extremities 
More than the other two surfaces, such a result would be expected. 
nly one other point should ре mentioned. In spite of the apparently 
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completely unyielding nature of the hard surfaces, none of the subjects 
made any strong complaints about spending one night out of three “ 
a plywood board and none suggested that such a sleeping surface на 
an adverse effect on ability to perform usual daily tasks. Whether or 
not different results would have been obtained if the subject had been 
required to spend a large number of consecutive nights on this surface 
cannot be decided on the basis of these studies. 


TABLE 4 


Average heart rate, beats/minute 


SUPPORTING SURFACE 


SUBJECT Soft Hard Medium 

Ho 65.8 66.5 66.1 
Ww 63.3 63.5 63.6 
He 57.6 56.9 56.9 
Р 59.4 57.8 57.6 

Average of 

all subjects 62.6 62.4 62.4 ———ÓÁ 9 

DISCUSSION 


Тһе results obtained in this Study of the effect of three ина 
supporting surfaces оп severg] aspects of sleep bring up a su ile 
questions which require additional elucidation. In the first place, а 
it is evident from the results of estimated depth of sleep, subje¢ ce 
estimate and body movement that the various surfaces did iem 
the character of the sleep obtained, it was not possible to evaluate al 
importance of the apparently small differences noted. In time, sm 


in 
differences might create more obvious advantages. The deum t | 
average depth of sleep, if multiplied by the duration of the sleep er 


" Я was 
of sleep might imply that it has none. Similarly, although there 


faces 
М " T urface Д 
а reasonable difference in the number of moves on the different 8 


256; 
it appeared in this study, as in previous work (Hoffman et pedes 
Brooks et al., ^56 and Kleitman, 739), that there was little relati 
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between average depth of sleep and number of moves during the night. 
Although there was a somewhat more consistent relationship between 
movements and subjective estimate than between movements and sleep 
depth, even in the former case it would appear that the sleepers’ esti- 
mate is influenced strongly by factors other than body movement during 
sleep. The consistency of the heart rate under all three test conditions 
is not Surprising in view of the fact that it is only an insensitive index 
of changes in depth of sleep. Finally, it should be emphasized that there 
18 no information available concerning the actual advantages to the 
sleeper of a higher or lower value for any of the variables studied. In 
this Sense, then, no conclusions concerning the effect of the supporting 
Surfaces on the quality of sleep can be attempted. However, there are 
two Positive results of this study. In the first place, it has been demon- 
Strated that individuals differ considerably in their sensitivity to sup- 
Porting surfaces. Secondly, quantitative differences were seen and 
though no conclusions concerning quality and beneficial effect can be 
Substantiated at this time, it can be said that some of the subjects 
definitely slept less well on the very hard surface and one slept less 
Well on both the hard and soft, than on a medium supporting surface. 
Tn Certain cireumstances these small advantages and disadvantages might 
© magnified, 
SUMMARY 

EEG, heart rate, body movement, and skin temperature of 4 
Subjects sleeping an төө бөгө (hard, medium, and soft) supporting 
SUrfaces have been studied and the subjective estimates of the s ec 
*ecorded, The use of sound stimuli has been found of considerable 


m as an aid to the identification of the depth of ed a rae 
€ 3 i rious i ood inverse relati 
т нена о heart rate and sleep 


Е - 
28 found between moment to moment changes 1n 


puta n- 
it. However, this relationship is not quantitatively ihe 2 qe E 
ings night, and the average heart rate is not related to the g 
s ment and depth of sleep 


Чер i 
i of sleep. The relationship between move: hie 
м Somewhat similar to that for heart rate. Factors sed „^^ 

Sleep are of importance to the control of these varia ке 
Ais ор the studies performed, it can be said that the hard su 


jecti timate 
of Ve an effect on depth of sleep, movements, and the nir = 
an Pa However, the differences in these variables ed pea 
e not always statistically significant. Subjects va 


Sensi "D t Д 
ік changing firmness of supporting surfaces 
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Body-Build, Body-Function, and Personality. Edited by BENGT LINDE- 
GARD. 132 рр. Lunds Universitets Årsskrift. Х.Е. Avd. 2. Ва 52. 
Nr 4. 1956. No price indicated. 


The editor, who is also the author or co-author of all the 6 papers 
making up the volume, is in charge of the Laboratory of Differential 
Somatology, associated with the Department of Anatomy, University 
of Lund, Sweden. For some time he has been carrying on, indus- 
triously and with imagination, studies on individual differences. As 
the subtitle of the volume indicates, these are reports on different aspects 
of “ Medical anthropological investigations on 320 Swedish 20-year-old 
healthy army men.” This defines the sample. How about the content? 

The system for a quantitative assessment of body-build, described 
in detail in an earlier monograph,* is briefly presented in the first paper 
(“ Differential Morphology"). It operates with variables chosen as to 
reflect individual variations in (1) body length (length of radius and 
tibia), (2) skeletal sturdiness (condylar breadths—femoral, tibial, bi- 
malleolar), (3) muscular development (from dynamometrie data on 
grip strength, shoulder thrust, and shoulder pull), and (4) adiposity 
(evaluated as a “residual,” on the basis of body weight or extremital 
Births, keeping other relevant body-build “factors” constant, or from 
skinfolds). 

A study, concerned with fat distribution and utilizing skinfolds 
Measured at 10 sites, suggests the presence of a continuous interindi- 
vidual variation as regards the proportion between truncal and extremital 
deposits of subcutaneous fat (B. Skerlj’s Truncic-Extremital Vector; 
Am, J. Phys. Anthropol. (n.s.), 11, p. 591, 1953). Muscularity, 
assessed by dynamometrie recordings, was examined in reference 1 
Physica] activity and selected male sex characters, such as genital size 
and hairiness of the trunk, were examined—with some unexpected results, 
Such as hairiness being positively related to fatness—in reference to 
Senera] body-build, endocrine activity, and personality. The relation- 
ship between some steroid substances excreted in the urine of adult 


M * Variations in Human Body-Build. By Bengt Lindegird. Acta Psychiatr. 
Sure], Suppl. 96. Е. Munksgaard, Copenhagen, 1953. 
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males were subjected to biometric analysis and the sear ree 
somatologic, endocrine and psychological variables were studie pie 
Space does not permit a detailed critical appraisal of the UM 
system of differential somatology and his exploration of the — Tie 
with other somatologic, biochemical, and behavioral O ges sar 
interdisciplinary approach, involving the collaboration of en ‘a x. 
ogists (S. Genell, C. C. Jensen) and students of personality | A. 
Nyman, a psychiatrist) is in the best tradition of human biology. іе a 
system of presenting the basic variables (“factors”) in the € and 
*body-build diagram," with group means as reference dod 
standard deviations as units of measurement, while firmly eas men 
in psychology, in the form of ability or personality * profiles, 18 рақ 
in physical anthropology (cf. S. M. Garn, Ann. №. Y. Acad. Sci. sion 
537-552, 1955). Lindegird’s search for а more meaningful expres: = 
of somatic variables and his use of “residuals,” i. e., differences pep 
the actual value of а measurement, such as body weight, and — of 
predicted from the correlated dimensions, such as those indicative 
body length, deserves notice. 4» 
This does not mean, however, that the proposed system shou M 
swallowed in its totality—hook, line, and sinker—by anthropomet A 
still hungry for a workable system of quantitative description of iiem 
physique or that this reviewer is celestially happy with all other ae ile 
of the work by Lindegárd and his co-workers, including the en » 
of personality in terms of four variables, labelled * capacity,” “ pager 
“stability,” and “solidity,” and rated on a ?-point scale on the 
of short, single interviews. | he 
It is unfortunate that Lindegird was not familiar with the 290 
reaching ideas of J. Matiegka (Am. J. Phys. Anthrop., erit 
1921) who was motivated by that same healthy discontent with bus 
existing systems for the characterization of human physique pec aise 
presented a scheme for describing body build in terms of ane 
amounts of muscle and adipose tissue, with skeletal ie es B 
reference point. Quantitatively oriented anatomists owe Matiegk the 
debt, still largely unpaid (except for Mildred Trotter's work i 
estimation of skeletal mass; Am. J. Phys. Anthrop., (n.s), 12:58 ously 
1954), of replacing Matiegka’s approximative constants by E agit 
derived estimation equations, especially of the total amounts of ™ 
i ody. ae 
т ILS мін of performance criteria used in assessing “1180 
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larity” with morphological criteria, which are the basis for a quanti- 
tative appraisal of skeletal * length” and “sturdiness,” is undesirable. 
It must be recalled that performance, including voluntary muscle con- 
tractions, is a “ product” of capacity (a physiological concept, related 
to muscle size) and motivation. Only when the latter is “constant,” 
preferably maximal, can actual performance serve as indicator of capacity 
and, in turn, of muscular development. This condition was probably 
fulfilled in Lindegird’s series but can not be postulated as being present 
in all situations. Furthermore, such a mixture of approaches is not 
necessary, Measurements of the circumferences of the extremities 
together with skinfolds determined at the same level (with femoral 
condyles and a length factor added for good measure) provide an ade- 
quate indicator of muscular development, at least for the extremities. 

The separate pagination of individual papers, and consequent absence 
of a table of contents or an index, does not make for efficient use of 


this valuable and stimulating volume. 7 
JOSEF BROZEK 


University of Minnesota, 
Minneapolis, Minn. 


Radiographic Atlas of Skeletal Development of the Knee: a Standard 
of Reference. Ву S. Трвш, PYLE and NORMAND І. Новвв. 82 pp. 
Charles С. Thomas, Springfield, Illinois, 1955. $4.25. 


The heaviest single bone in the human body is the femur. Most 
of its elongation occurs at the distal end, at an epiphysial site which 
can readily be studied in children from radiographs of the knee. The 
atlas of Pyle and Hoerr now enables us to trace the skeletal development 
of this region from infancy to maturity. 

This atlas is based on nearly 30 years of research on developmental 
Tadiographs of the skeleton which have been accumulating at Western 

“Serve University. These monumental studies were initiated by the 
late Professor Т. Wingate Todd. It was he who directed the growth 
Study of the Brush Foundation in Cleveland, Ohio through its first 
decade, and published his Atlas of Skeletal Maturation (Hand) just 
оте his death in 1938, This was an interim atlas, based largely on 
Cross-sectional surveys of Cleveland children from both poor and pros- 
Perous environments. Todd’s successor, Dr. Walter W. Greulich, con- 
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tinued the direction of the Brush Foundation study. Іп 1950, he and 
Dr. S. 1. Pyle produced a more definitive atlas of the hand. The 
Greulich-Pyle atlas is now used for developmental assessments in many 
parts of the world. It is based on selected Cleveland children, reared 
under economically favored conditions and in optimal health. "These 
children were relatively free from the stresses of malnutrition, illness 
and climate which impede the growth of much of mankind, and the 
Greulich-Pyle standards therefore present an idealized picture of rapid 
and regular skeletal development. 

Nearly all of the films in the Pyle-Hoerr atlas of the knee are also 
based on children from the Brush Foundation study, with optimal 
histories of health. Тһе book contains 57 films of the knee, which were 
very carefully culled from an original series of 10,700. Some of the 
children were followed for as little as two years, and others for as long 
as 12. 

The Greulich-Pyle atlas of the hand has separate sets of standards 
for boys and girls, but the Руе-Посгг atlas has a single set of films 
of the knee for both sexes. Girls undergo more rapid skeletal matura- 
tion than do boys however, во that after the first few postnatal weeks. 
each film has a younger developmental age equivalent for girls than 
for boys. Up to 6 years of age, and from 10 to 12 years, an average 
girl at a given stage of ossification of the knee is about 80% аз old 
Е corresponding boy. From 7 to 9 years, she is at about 70% of me 
boy's age. Prior to adolescence, these percentages may be of use m 
estimating the age and sex of immature skeletal remains from bones 
and teeth, as outlined in 1955 by Hunt and Gleiser (Am. J. Phys 
Anthrop., n.s. 13:479-488). 

In practice, the problem arises as to whether skeletal age should be 
a уыш Voth hand and knee in an individual child. For Me 
ШУ due sng is enough for a single assessment, while for the knee 
at most ages it is desirable to have both a mediolateral and а postero 
anterior film. In routine work, the knee usually fails to add much 
to what a careful study of the hand can tell us, But if the clinician 07 
investigator has special reasons for studying the developmental normal 
of the lower limb, he should certainly use the Pyle-Hoerr atlas- 

a product of years of devoted labor, and is deserving of high praise. 


Epwarp E. HUNT, Jr. 


Forsyth Dental Infirmary for Children, 
Boston, Mass. 


ИИ — —— — i see 
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Psychology, Evolution and Ser. By Сес, P. Martin. xiii- 166 pp. 
Charles C. Thomas, Springfield, Illinois. 1956. $4.75. 


Professor Cecil P. Martin, of McGill University, is an anatomist 
who has grave suspicions about conventional genetic theory. Once 
before he issued a minority report (Martin '53), and now he does it 
again, in a book that has the most eye-catching title in recent memory. 

Geneticists, says Dr. Martin, worship the orthodoxy of the “ muta- 
tion-selection " theory, explaining away all that does not square with 
it, yet rejecting evidence to the contrary, and ignoring theories not 
contained within the several ideas of particularate inheritance, isolation 
of the genic material from environmental influences, natural selection, 
апа mutation. Not quite a Lamarkian, and too much a naturalist to 
offer an élan vital, Martin assembles citations to prove “lingering 
modifications” (Dauermodifikation) and offers his own theory of why 
sex is important, Throughout, the argument is directed against what 
he thinks geneticists think, and that is why the objects of the objections 
ате often so elusive. 

Now the study of evolution is an evolving science where the hetero- 
doxies of one era become the orthodoxies of another. The early post- 
Darwinian age of acceptance gave rise to the era of scepticism, and 
this in turn yielded to the Genetical Theory of Natural Selection. New 
ideas are to be welcomed; we still have much to learn about evolution. 
But Dr. Martin's ideas are a curious blend of last-century objections 
and half-understood concepts, both better illustrated than described. 

Mutations, he says, are pathological conditions. Why? Because 
known mutagens, such as nitrogen mustard and penetrating radiation 
are exceedingly injurious. What happens, he argues, is that the genes 
9r “ Particles of the genes” are agitated, much as violent agitation can 
dislocate a man’s thumb. And from this line of anthropomorphic 
Teasoning, it is not difficult for him to decide that all mutations (being 
injuries) are harmful, whereas such characters as seem to be adaptive 
are simply examples of “lingering modifications.” Ergo, as stated on 
Page 81 *, , . I fail to see how the mutation-selection theory can be 
defended.” 

As promised, psychology is drawn in, that is, the psychology of 
What used to be called instinctive behavior. Martin correctly cites many 
instances where the feeding preferences of а form have been modified 
Y rearing the young on a non-preferred plant, on an unaccustomed 
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diet. Such examples, he feels, show that preferences can be modified 
and the new preference then becomes hereditary. Тһе rest of us would 
see here the effects of learning: increasingly much of what used to be 
called instinctive, now appears to be learned. Even such seemingly 
basic “instincts” as the nesting instinct in the pregnant rat, or the 
* grooming ” instinct depend upon the previous experiences of the animal 
in question. бо the whole argument about the modification—and— 
inheritance of behavior dissolves into а simple exercise in learning theory. 

As to sex, Martin rejects the conventional explanations. Тһе idea 
that new genotypes are thus produced is insufficient for him; *shufiling 


the genes destroys gene-complexes just as fast as it creates them." 


(This, of course, is not at all true.) But his explanation for the 


survival of sex involves “Из usefulness as а restriction on the trans- 
mission of the prejudices, aversions and partialities of parents to their 
offspring For an understanding of this explanation, the book must 
be read. 

The real value of the present work lies in the large number of 
rarely-quoted minority reports he cites. They include the work of 
Kammerer, whose unfortunate history Martin does not recount, and 
other publications where modifications were claimed to persist for many 
generations. They include, also, accounts of the reversion of domes 
ticated lines to “wild” types, and others where hereditary traits ате 
shown to persist only on a particular diet. (They do not include 
references to DeLamarck, whose inferences that the peculiarities of 
domesticated animals and plants are due to nutrition, are at least 
partly correct.) 

What Psychology, Evolution and Sex does show, is the increasing 
difficulty of tackling one field, with the conceptual tools and references 
of another. Despite Martin, the autopsy table is not a proving grou? 
for genetical theory, nor does embryological similarity prove that nO 
new evolutionary characters have entered into pre-natal development. 


SraxLEx М. GARN 
Fels Research Institute, 


Yellow Springs, Ohio 
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Anziely and Stress: An Interdisciplinary Study of a Life Situation. 
Ву Н. Basowrrz, Н. Persxy, S. J. Ковситу, AND К. В. GRINKER. 
ху 320 pp. McGraw-Hill, New York, 1955. $8.00. 


In 301 pages of text, figures, and tables, a longitudinal study of 
Some biochemical and psychological responses of parachute trainees is 
presented in meticulous and overwhelming detail. The subjects are 
healthy, highly selected individuals, and are keenly motivated to acquire 
the status of a parachutist. These facts alone almost completely destroy 
the effectiveness of the research. The trainees simply are not made 
very anxious by the training program, although tower-jumping and 
üirplane-jumping may evoke increments of anxiety. “Free anxiety,” 
however, is not “released” in large amounts, and the low degree of 
anxiety evoked is related more to fear of failure than to fear of bodily 
harm. With an integrity and determination that leaves this reviewer 
awed, the Michael Reese group nevertheless persevered through the 
execution of a series of small-sample studies of “anxiety and stress.” 
To their credit, they do wring out of a mass of data some suggestive 
hypotheses, and a few clear findings. 

_ The psychological measures (anxiety 
of interview materials, tachistoscopically administered Bender-Gestalt 
test, serial subtraction, perceptual closure of incompleted circles pre- 
sented tachistoscopically, memory for digits, amd scores on а story- 
telling test using presumably anxiety-provoking pictures relevant to 


Parachute training) were selected a priori and empirically. The lack 


of 4 i 
clear-cut conceptualization and theoretical focus is unfortunate, 
from a previous finding 


ч. biochemical aspects of the study stem ! É 
t hippuric acid excretion is high in highly anxious patients. „This 
Variable is the focus of the biochemical research. The other variables 
measured (plasma glycine level, plasma amino acid level, blood reduced 
and oxidized glutathione levels, eosinophile counts, and hematocrit) 
Wigs introduced either in an attempt to explore the precursors of hip- 
Puric acid excretion, or to add information about adrenocortical response. 

Decisively positive findings are few. Change in glutathione level 
*PPears to be an important biochemical stress response, intermediate 
tween the overly sensitive eosinophile response and the insensitive 
Dina acid response. Of the psychological variables, perceptual 
aoe showed promise, and sometimes effectiveness, as 8 gorrelate 

Tated anxiety and of the stressfulness of activity. The pioneering 


questionnaire, elaborate ratings 
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study of intra-individual variability included in this report should 
stimulate research in this sadly neglected area. e 

This monograph, to the reviewer's mind, is a report for specialists 
only, who are interested in technical details, and who are willing 10 
tolerate the lengthy presentation of many negative, or only y рей 
and provocative, results. 'Тһе non-specialist is likely to end the iot 
with the correct conviction that biochemistry, psychology, and PSY- 
chiatry, either independently, or in partnership, have not forged either 
tools oF concepts able to cope with the complexities of the interrelated 
responses of the “total organism” to a “life situation." The book 
ends with these words: “The gain from the work has been less in 
increasing our knowledge of the details of psychosomatic problems and 
more in learning the complexities of psychosomatic organization and 
integration. The problem of anxiety is still non liquet, but perhaps 
we know a little more about why this is so.” 


Јонх I. LACEY 
Fels Research Institute, 


Yellow Springs, Ohio 


Population Theory and Policy: Selected Readings. Edited by ТозЕРИ 
J. SPENGLER AND OTIS Duptey Duncan. x-+ 522 рр. The Free 
Press, Glencoe, Illinois, 1956. $7.50. 


One of the problems of a field like demography, overlapping so many 
areas of the social and biological Sciences, is the inevitable scattering of 
its literature through an assortment of unrelated journals. This makes 
it difficult for both the classroom student and the general reader to 
obtain convenient access to what is published. Тһе volume under 
review is one of two that should help to repair the situation, though 
its contents will for the most part be more appropriate for advanced 
than for beginning readers in the subject. 

'The 38 articles, with 78 pages of footnotes, are organized into 9 
chapters, each of which begins with a brief introduction by the editors. 
Тһе chapters are: Development of population theory; The role of theory 
in population studies; Theory of population growth; Population, T°- 
sources, technology, and levels of living; Population and level © 
economie activity; Population growth and economie development ; Рори” 


x ч ы f 
lation growth and international relations ; Socio-cultural context 9 
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population dynamics; and Population policy. With a very few excep- 
tions, the material has been chosen from the writing of American 
authors, about two-thirds of it from publications of the last 10 years. 
The volume closes with a 9-page bibliography of recent works in English. 
The companion volume, Demographic Anaylsis: Selected Readings, те- 
Viewed elsewhere in this journal, presents some of the specifie findings 
of demographic research, but neither of the two books consider in detail 
the analytical techniques of the field. 

The general reader whose major interest lies in biology will prob- 
ably not wish to read the whole book, but he will find it interesting to 
look through the volume to gain an idea of some of the lines of 
thought now being explored in demography. He may be struck in 
particular by the weight given to economie aspects of the problems 
Considered. This is a reflection of the fact that although demography 
is often thought of in this country as more nearly a branch of sociology 
than of any other discipline, a great deal of the theorizing in the field 
has been done by economists. Direct attention to biological topics 18 


quite rare in this volume and consists in part of a history of dubious 


analogies. Demography has still some progress to make in the effective 


use of biological information. . 
‚ А few of the articles may be mentioned as likely to be of especial 
Interest to readers of this journal. The three articles in the first chapter 
се development of population theory contain а number of references 
to ideas of biology. Material from а variety of specialized areas 15 
Maginatively drawn together in Boulding’s “ Toward a general pre | 
Я growth.” Lotka's * Some recent results in population analysis 
illustrates а major branch of demographic activity, while Davis’ * Popu- 
ation and power in the free world " has broad general interest. - 
The chapter on population theory leaves something to be p 
т. general coverage of important points of view in this area shou : 
Include, for example, an exposition of the Marxian position which mus 
€ taken into account (even when it is not accepted). A more com- 
Prehensive description and assessment of policy measures affecting e 
‘tion in various countries would also add to the completeness of the 
Presentation, 


бковск Е. МАТЕ 


Smith College, 


N 
“‘orthampton, Massachusetts 
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Demographic Analysis: Selected Readings. Edited by Josern J. 
SPENGLER AND Oris Duprey Duncan. xiii-- 819 pp. The Free 
Press, Glencoe, Illinois, 1956. $9.50. 


This lengthy companion volume to Population Theory and Policy 
contains a total of no less than 63 articles selected from 25 different 
journals and other more inaccessible sources. Although there are à 
number of selections of particular relevance for the student of biology, 
the orientation of the collection is revealed by the predominance of 
sociologists and economists among the contributors. 

The volume is admittedly not, as its title might suggest, designed 
to be a “do-it-yourself” guide to the methodology and analytic tech- 
niques of demography. The basic criterion for the inclusion of an 
article was presumably that it illustrate both the demographer’s approach 
to population data and the types of research problems that are posed. 
The book is divided into 7 sections, each introduced by brief organizing 
editorial remarks. The broad range of subjects covered includes the con- 
ventional topics of past and future population trends, mortality, fertility, 
international and internal distribution of population and migration, 
and population composition. Тһе volume concludes with a series of 
papers describing the recent demographic histories of over a dozen 
countries and areas throughout the world. The section of most direct 
interest to the biologist is Chapter VI (population composition), which 
includes 5 selections on population quality. 'The primary concern of 
these articles is with the presumed genetic consequences of population 
change, particularly differential fertility. Іп this context the subject 
of the future intelligence levels of the population is reviewed. These 
selections strikingly reveal the primitive level of measurement criteria 
in eugenies although they indicate no dearth of opinions. 

An evaluation of a volume such as this is not simple. Certainly the 
value of each contribution cannot be appraised individually. The con- 
ventional standards that remain, therefore, are the selections included, 
the editorial skills evidenced in the introductory sections, and the 
potential usefulness of such a book. The strongest feature of the book 
is the high quality of the choices made by the editors. On the whole, 
the articles reprinted are excellent both in the sense of illustrating the 
methodological approaches of demography and of assembling in one 
source some of the most important findings of demographic inne 
Occasionally the reader will feel uncomfortable in the presence © 
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assumptions made about the inevitable stabilization or decline of the 
United States population contained in articles written over ten years 
ago when such assumptions were fashionable. However, it provides one 
with an interesting picture of the profession’s self-consciousness as 
Tevealed in Harold Dorn’s excellent critical review of population fore- 
casting, 

The editors’ introductory materials are not sufficiently long to 
Provide the kinds of coherence and organization that might be desirable. 
The value of the book rests squarely on their wise choice of materials 
rather than the connective tissues they superimposed. 

The usefulness of the volume will, I believe, be quite limited owing 
both to its price and the fact that the materials are more suitable for 
the graduate student and professional than for the undergraduate. 
Although its usefulness to the biologist is even more limited, the book 
can be regarded as an excellent source book of demographic research 
Classics, 

CHARLES Е. WESTOFF 


Office of Population Research, 
Princeton University 


Non-parametric Statistics for the Behavioral Sciences. By SIDNEY 


SIEGEL, 312 рр. McGraw-Hill, New York, 1956. $6.50. 


> This book forms a valuable addition to the McGraw-Hill Series in 
Psychology because over half of the text presents detailed information 
about Procedures not described in most of the popular statistics texts. 

does so ina very clear manner, illustrating the computations for each 
Procedure by a worked out example and will be useful to workers in 
many атеав of human biology. | 

Although the remainder of the material may be found in some other 
бока, it 13 presented here in a novel frame of reference. In fact, 
a the most useful feature of the text is the strong emphasis 
"ed throughout on the fundamental distinctions between procedures 
plicable to nominal, ordinal and interval scales. A table, printed on 
ж ‘aside of the front and back covers of the book summarizes cie 
ч, 19988 discussed and forms a fine pedagogic device continually 

nlorcing these distinctions. 
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Тһе text will be of great help to anyone who wishes to enrich his 
kit of statistical tools, and should present no difficulties to persons not 
well acquainted with mathematic statistics. Ав a textbook it will 
supplement the various available texts concerned with the better known 
parametric statisties such as t, F and т. А glossary of symbols, a com- 
bined author and subject index, a list of references for further reading 
and a large number of tables not readily accessible elsewhere enhance 
the usefulness of the book. 

STEVEN G. VANDENBERG 
University of Michigan, 
Ann Arbor, Mich. 
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GENERAL SYSTEMS. Edited by Ludwig von Bertalanffy and Anatol Rapoport. 
162 pp. Society for the Advancement of General Systems Theory, 1956. 
(no address, no price) The first yearbook of the Society consists of 3 
parts: (1) Introduction (3 papers), (2) Exploration of mathematical 
models, with special reference to life processes (evolution, growth, indi- 
vidual and group behavior), and (3) “in search of new foci of integra- 
tion” in biology, psychology and sociology. 


FATIGUE, Stress, Ворих CHANGE AND BEHAVIOR: SELECTED BIBLIOGRAPHY. By 
William Bevan and Rollin M. Patton. 59pp. (по price) Military Opera- 
tions Research Engineering Division, Lockheed Aircraft Corporation, Mari- 
etta, Georgia, 1956. An alphabetical listing of some 900 titles, followed 
by a topical index. The bibliography, covering the years 1940-56, was 
compiled as part of preparations for experimental investigations on air- 
Crew fatigue. 


Моста SrnvoTURE AND Рохспохле Activity or Nerve CELLS. Edited by 
В. G. Grennell апа І, J. Mullins, ix + 169 pp. American Institute of 
Biological Sciences, Washington, D. C., 1050. $4.75. The proceedings of 
à symposium held in Washington, D.C., on June 3-4, 1955, under the 
Sponsorship of the Office of Naval Research dealing with 3 groups of 
Subjects; (1) receptors (chemoreception, vision), (2) aggregates of 
neurons, and (3) nerve cell membranes. The publication demonstrates 
Опе way in which the Institute can contribute significantly to advance- 
ment in biological sciences. 


Hy c 
PNOSIS AND Irs Тивварвстіс APPLICATIONS. Edited by Roy M. Dorcus. х + 
327 рр, McGraw-Hill, New York, 1956. 87.50. Aims to incorporate e 
* Single volume the theoretical, experimental, and therapeutic aspects 0 


hypnosis, Includes a large chapter on the physiological effects of hypnotic 
Stimulation. 


TCTIONARY op AxTHROPOLOGY. By Charles Winick. vii + 579 рр. Philosophical 

Library, New York, 1956. $10.00. “А field which includes archeology, 
cultural anthropology, linguistics, and physical anthropology has boun: 
daries 2nd a vocabulary that are constantly expanding." Cautious souls 
will Tegard with uneasiness one man’s attempt to master such a wide 
àrea, Physical anthropologists will find that the expanding edge of their 
Science is not adequately represented. 


RoG А ond. 
ESS IN тыр Рнхвтогову or Fars ANIMALS. Edited by John Hamm 


he final 

ме PP- Butterworths, London, 1957. 508. — ($7.00). a we 

lume of a comprehensive survey, not lacking wider implica aft =н 
“man Biology, 98; 278-280, 1956), deals with reproduction (rep 


ti E Uii. 
‘on hormones, female fertility, pregnancy) and milk production. 
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MEDICAL EFFECTS OF THE ATOMIC BOMB IN JaPAN. Edited by Ashley W. Oughter- 
son. xvi- 477 pp. National Nuclear Energy Services, Manhattan Project 
Technical Section, Division VIII, Vol. 8. MeGraw-Hill, New York, 1950. 
$8.00. Based on а 6-volume report, this book presents а summary of 
ecological, clinical, hematological, and pathological studies made in Hiro- 
shima and Nagaski following the atomic bombing of the two cities, 
resulting in mechanical, thermal, and radiation injuries. A "tract for 
our times,” indeed. 


CULTURE AND THE STRUCTURAL EVOLUTION OF THE NEURAL SYSTEM. By Fred A. 
Mettler. 57 pp. American Museum of Natural History, New York, 1950. 
In this James Arthur Lecture on the evolution of the Human Brain 
(1955), the author has drawn attention “40 the fact that there is nO 
good evidence to support the assumption that man's neural system has 
undergone any progressive alteration in the direction of greater size ОГ 
complexity since the middle of the Pleistocene. It was at this period that 
cultural development became manifest, and the hypothesis is advanced 
that, with the advent of culture, man achieved a degree of independence 
from his environment and was therefore no longer under the necessity of 
developing structural modifications to survive.” 


EMOTIONAL HAZARDS IN ANIMALS AND MAN. By Howard S. Liddell. xi + 91 рр. 
Charles C. Thomas, Springfield, Illinois, 1956. $2.50. Six lectures, 
delivered in Halifax to psychiatrie residents of the Royal Victoria Hos- 
pital, present the implications of the study of conditioned reflexes, initiated 
by Pavlov. 


MINNESOTA STUDIES IN THE PHILOSOPHY OF SCIENCE, VoL. I. Edited by H. Feig! 
and M. Scriven. xiv + 346 pp. University of Minnesota Press, Minne- 
apolis, 1956. $5.00. “Тһе first volume of Studies presents some of the 
relatively more consolidated research of the Minnesota Center for the 
Philosophy of Science and its collaborators.” Some studies deal with the 
more general issues (including meaningfulness of theoretical concepts) 
while others are concerned with more specific topics (psychoanalytie 
theories, radical behaviorism, validity in psychological tests, characteriza 
tion of a single personality). 


CuLTURE AND MENTAL Disorpers. By Ralph Linton. vii + 139 pp. Charles C- 
Thomas, Springfield, Illinois, 1956. $4.50. Examines the relationship 9 
psychiatry to cultural anthropology in 3 chapters concerned with Culture 
and normality, Cultural influences in neurosis and psychosis, and Homo 
sexuality and the hysterias in eultural perspective. 


SocIAL CHARACTERISTICS OF URBAN AND RURAL COMMUNITIES, 1950. 
Duncan and А. J. Reiss, Jr. xviii + 421 pp. John Wiley, New York, 
$0.50. The study deals with characteristics of human populat 
analyzed in terms of human ecology (social morphology). 


1013, 


: w 
ExermrwEwTAL РЕВТОХ. By Walter T. Federer. хіх + 544 pp. Macmillan, № 
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York, 1955. $11.00. An advanced textbook, growing out of the author's 
experience as professor of biologieal statisties at the College of Agri- 
culture, Cornell University. 


Franz Joseren GalL, Іхухтон or PrmExoLocv AND His Cottrction. By E. H. 
Ackerknecht and H. V. Vallois. S6 pp. University of Wisconsin Medieal 
School, Madison, 1950. 81.50. Published as No. 1 of Wisconsin Studies 
in Medical History, the monograph deals with Gall’s life and personality, 

ysiology, and anthropology), 
and as a social reformer. His collection (bus masks, skulls, brains) 
is described and a special study of a few items, including Gall’s skull, is 
presented, 


his work as a scientist (in anatomy, psychophys 


TECHNIQUES ix Вор Grovrinc. By I. Dunsford and C. C. Bowley. xiv + 250 
рр. Charles С. Thomas, Springfield, Illinois, 1955, $4.50. This practical 
manual describes the principles of blood grouping, presents systematically 
the laboratory procedures, and provides а glossary of terms and symbols. 
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CH М 
е н IN BODY VOLUME ACCOMPANYING 
GHT REDUCTION IN COLLEGE WOMEN' 
BY MARIE L. CARNS AND RUTH B. GLASSOW 
University of Wisconsin 
1 groups 


HE 
Problem of obesity has long challenged professiona 
Unquestionably, over- 


calorie intake. At 
f excess weight in 
men and arms. 


a 
all Ai been a cause of concern to laymen. 
the iens Pos may be reduced by decreasing the 
Separate dir many people hope for reduction 0 
Pecific ey e of the body, such as the thighs, abdo 
effectiveng, =ч nded for this purpose. The 
is the Г of such exercises lacks the support of controlled studies. 
Volume АҚ өн of this study to investigate the overall loss of body 
the comparative loss of volume in body segments when 


e 
calorie ; 
Tic intake is reduced. 


es are frequently recomme 


15 
The q 
ata we 
2 were collected by a graduate student, JoAnn Mann, under the 


Supery; 
. Vision 
niversity i = L. Carns, M. D. and E. S. Gordon, 
“consin Aj isconsin; the study was financed in par 
umni Research Foundation. 


M. D., of the faculty of the 
t by а grant from the 
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PROCEDURE 


Теп undergraduate university women were selected for observation 
from a group of volunteers on the basis of their degree of excess weight, 
their interest in the project, and their seeming willingness to cooperate. 
Attempts were made to select women who were not excessively obese but 
who could afford to lose approximately 20 pounds in a 6 week period. 
АП had received “А” health grades in the University Department of 
Student Health. Single determinations of basal metabolism and. serum 
cholesterol were made in each subject; there was no evidence from these 
tests of any significant thyroid dysfunction. 

During a 6 week period the subjects were asked to subsist on the 
diet planned by Ruth Dickie, chief dietician at the University Hospital 
where all meals were prepared and eaten. Тһе total dietary intake per 
day for each woman ranged from 900 to 950 calories. This was аррат- 
ently adequate for the subjects; all of them reported that they could 
easily carry on their usual campus activities without a feeling of fatigue 
or hunger. 

Changes in body mass were measured by two methods. One was 
weight in pounds. Weight was taken prior to the controlled diet period 
and also at the end of each week of the G weeks of the diet program. 
At each weighing the subjects wore the standard swimming suits used 
by the Department of Physieal Education for Women. 

The second measure was body volume determined by the amount 
of water displaced by the body. A metal cylinder approximately 6 feet 
in height and two feet in diameter, open at the top, was filled with 
water to an indicated level. In the tank was a ladder which the subject 
descended to a specified distance. А stopcock in the tank was opene 
and water, raised by the immersed body segment, was drawn off to bring 
the water in the tank to its original level. Thus the water drawn from 
the tank was equal in volume to the volume of the immersed body 868" 
ment. The amount was determined by weighing. The temperature of 
the water was kept at approximately 80° F. The measurements on each 
subject were always taken at the same time of day. 

In order to obtain the volume of separate segments of the body; 
6 anatomical points were chosen to locate division lines, ‘These 16: 
А, the apex of the fibular head; В, the gluteal fold; C, the greater 
trochanter of the femur; D, the inferior border of the twelfth rib; *” 
the ninth thoracic vertebra; Е, the seventh cervical vertebra. At 680 


ССА 


— ———— 
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б è 
серна an aluminum marker was attached with adhesive tape 
jo E ee entered the tank. The letters А through F are used 
ылы ivision lines and also to designate body segments. In 

5 to segments, a letter represents the division immediately below 


Е. 7th cervical vertebra 
E. 9th thoracic vertebra 
D. inferior border of 12th rib 


С. greater trochanter of femur 


в. gluteal fold 


A. apex of fibular head 


------------- 


Fic. 1. Вору SEGMENTS AND DIVISION LINES. 

the а... 
rioris line. The volume was determined for each body segment. 
Were ns and arms were kept out of the water until the F readings 
aken, F segment, therefore, includes the upper trunk and the 


arm 
8 and hands. (See figure 1.) The sum of the 6 volumes measured 


on t 
и Same day represents the volume of the entire body up to the F 


er, 
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АП division points except D and E were located by gei po 
inspection or both. Points D and E were located in the ея 
weekly measures by the above procedures. At this time, the dis irs 
from the adjoining marker was measured and in the ey d № - 
D and E were located by referring to the previously determined distan É 

At the end of the 6 weeks of observation there were available ні 
each subject (1) measures of body weight, in pounds, taken before ыі 
controlled diet period and at the end of each week of the en 
period; and (2) amounts of displaced water for each of the 6 res 
segments, measured at the end of each week of controlled diet. 
latter measures were in pounds of water. 


RESULTS 


1. Loss in Body Weight and Total Volume. Body weight and wu 
weight taken at the end of the first week were selected for BORNE 
with succeeding measures. The percentage of loss for each Lie in 
tabulated in table 1. If no measure was obtained at the end of 2 
first or final week, the percentage has not been calculated. Thus, th 
volume changes for subjects I and V are not in table 1. — 

It will be noted that the decrease in volume scores is approxima > 
twice as much as the loss in weight scores. Weight losses range рі 
5% to 9%; volume losses from 9% {о 19%. Note that the pc 
loss for subject X is not included in this range. It seems probable t е 
Some error in the first set of measures for subject X resulted in M 
reading which appears to be inconsistent with the other measures 9 
Subject X and also inconsistent with measures of the other subjects: 

Average percentage losses are shown graphically in figure 2. 11 
values are the averages of the losses of subjects in ТІ, IIT, IV, УІ, y: of 
VIII, and IX. The average percentage loss for volume at the end : 
6 weeks for the 7 subjects was 14.7. For the same period, the averaé 
percentage loss in weight was 7.6. Th 
which does not include the 10 subje 


he 


is is the only presentation of date 
cts. 

2. Group Segmental Losses. 
each segment, the range of these 1 
according to average loss. 


Table 2 shows the average 1058 ^ 
osses, and the rank of each верше 
The segments may be grouped according i 
the amount of loss, i.e., low (А and Еу; medium (B and 0); € 
high (D and F). Тһе averages provide a basis for compariso? и 
individual losses. Note that the range for segment D (17.5-20.9) 
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TABLE 1 
Weekly decrease in volume and iccight 
В WEEK- lst 2ND SRD 4TH oTH бтн TOTAL 
| SUBJECT Ka. PERCENTAGES LOSS 
I Volume 52.6 — — =: = = — 
Weight 59.9 100 98 oT 95 94 92 
И и Volume 03.5 100 97 94 91 88 86 14 
Weight 744 100 97 95 933 9 92 8 
pp Volume 451 100 т 9 90 5 84 16 
Weight 59.0 100 or 95 94 93 93 7 
IV Volume 56.7 100 95 94 92 84 83 17 
Weight — 640 100 97 90 oF 92 N 3 
v Volume x. = = — -- uas = = 
Weight 100 98 97 94 94 93 T 
VI Volume 56.5 100 97 = 92 89 86 и 
Weight — 02, i0 99 958 90 9 9 7 
VII Volume 58.1 100 94 91.8 86 85 81 19 
Weight — 02.6 i0 ғ 956 9 AN (9 9 
упр Volume — 58.5 wo в ол w и % И 
Weight — 66.7 i0 9 в 9 B 92 8 
Ix Volume 562 100 og м өз 94 a 9 
Weight — 57.8 100 0 m 9 n 5% 2 
x Volume — 749 — 10  s2 75 79 A Е 
-- Weight т 100 от 950 95 %2 9 
V == 


Wei 
Note 
the poli 


Average percentage vol 


mn (ир to seventh cervical vertebra) 

in kilograms, total body. 
2 both volume and weight were m 
Су of this periodical, converted to kilograms. 


сазптей in pounds and, to confo 


TABLE 2 


ume losses per 


segment 


in kilograms of displaced water. 


rm to 


=, 
y 
AVERAGE p 
SEGMENT LOSS RANGE OF LOSS RANK 
m 12.8 9.6-15.2 6 
2 16.9 12.1-24.2 : 
9 16.7 14.8-21.8 : 
D 19.0 17.5-20.9 2 
E 13.7 92-182 : 
4 Fr 20.3 159-24. 
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close to the average (19.0) and that the individual differences in seg- 
ments B and F are greatest. 


3. Individual Segmental Losses. Тһе weight of the water displaced 
by one segment is a percentage of the weight of the total amount of 


20 


PERCENTAGE 


2 3 4 5 6 
WEEK 


5 " 
Fro. 2.. WEEKLY PERCENTAGE Lossks—AvEnaGE коп SEVEN SUBJECTS. 


displaced water and can be consider 
body volume. Тһе differences in s 
and final measures indicate chang 


ed a volume percentage of the total 
egmental percentages for the oe 
á es in body proportions. In table 

are listed for each subject the greatest segmental differences (in Pe” 
centages) and the area in which these differences were found. At the 
time of the initial measurement, two investigators estimated the area 
of greatest fat deposit. Except for subject IV, the area of greatest 


үт е =ч л 
ы 


В "d T 7 
ОРУ VOLUME ACCOMPANYING WEIGHT REDUCTION 311 


rampe e is the one which the experimenters identified as that 
d m initial fat deposit. It will be noted that the area of 
ad эр ч кр subject IV is E which is immediately above D, the 

ich was subjectively ranked as the area of greatest fat deposit. 


TABLE 3 


Segmental changes in relation to total volumc 


GREATEST 
DIFFERENCE AREA OF GREATEST 

ЕО IN PER CENT AREA FAT DEPOSIT 
I 3.1 F F 
п 3.1 B B 
ш 1.6 с с 
IV 3.0 E D 
M. 3.8 E E 
2.3 с с 
уп 19 р р 
VIII "m E E 
Ix 1.6 D D 
x 3.8 E E 


TABLE 4 


Average segmental percentage of total volume 


Aeron segmentat ети of ші өне | - 


А 19.8 133 

B 18.2 18.8 

с 16.3 16.0 

р 18.7 19.4 

Е 13.5 ил 

— 
9 | | 
E ba, a in Body P roportions. Another aspect of the jer 
ions i i i s age VO 

Percent Proportions is shown in table 4 which presents the averag 


че of the total volume. 

: V ще average change in body proportions is 80 
Umber 9 3 shows that this was the segment 1n whic 
of individuals had the greatest loss.) Negligible cha 


ns is shown in segment 
h the greatest 


nge in 
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the same direction was present in segment C. It is interesting E ei 
that segment F, which was the area of greatest average loss in vo u ie 
retains the same proportion of the total body volume at the time 
the first and final measures. | | 2. жыш 
Тһе range of these segmental percentages is also of interest. 
are shown in table 5. 
TABLE 5 


Range of individual differences in segmental volume 


INITIAL FINAL 
SEGMENT MEASURE MEASURE 
A 4.9 3.3 
B 6.4 6.5 
с 7.6 6.8 
D 3.5 8.2 
E 8.8 11.4 
F 8.1 45 


The range of 
the proportions of 
than they wi 
alike in bod 


proportions of segments B and C have changed little; 
segments A and F are more alike in the final menne 
ere in the first measures and segments D and E an les! 
Y proportions than they were before the dieting period. 


COMMENT 
H H . B B H een 
No statistical evidence of the significance of findings has pot 
Pinion, the significance of the observati 


greatest loss is that of greatest fat 
buted to error in subjective evalua 
these are physiological phenomena. 
The implications which this study has for future investigations 
more significant than the specific information on the amounts of loc? 
and total volume reductions. The implications seem to the authors t° 
be twofold. . 
First, those professions which attempt to stimulate interest in желіні 
tion of fat might be more successful in obtaining cooperation of wome 
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if a conveni —= 

tionate loss pw emen ан volume could be devised. Since the propor- 
result would be a а с {һап that in weight, the more evident 
аге more interested in ч ing nl х2 continued effort. Also, women 

Second, those d than in weight of body mass. 
size of specific body ar mp which advise exercises for reduction of 
exercises are effective E DUM gli на qtue PIDEN ар bw 
intake reduces vol e. Lf, as this study suggests, reduction of calorie 
leges еге olume to the greatest degree where fat deposits are 
volume redu = need for studies which will determine the amount of 
ction which can be attributed to localized exercises. 


This SUMMARY 

$ explorat 

during 6 weel Kd study of loss in body volume of 10 university women 
eks о на 

Conclusions. а reducing diet indieates the following tentative 


1. TI 
4 le perce қ А 
pereentage loss in volume 15 approximately twice that of 


peree 
n 
tage loss in weight. 
2. Wl 
hile > 
there is an overall loss in volume, 


ng the individuals, 


a. the ] 
area of greatest loss differs amo 
more in the 


b 
- and each indivi 
Foire individual tends to lose proportionately 
- where fat deposits are largest. 
‘Alter dieti У 
нуну eting, body proportions tend to show 
. йөр ык фы аы И ; 
rease in individual differences 1n low 


in sh 
b. an i oulders and upper extremities. 
ї 
ierease in individual differences in 


er extremities and 


the trunk. 


DOMINANCE OF EYE AND HAND 


BY DAVID J. MERRELL 
Department of Zoology, University of Minnesota 


fascinating array of superstitions and facts has grown up around 
A man’s tendency to have a preferred hand. In most qama P 
superstitions are even more interesting than the facts, although it 15 
not always possible to separate one from the other. Since the aw 
majority of people in all groups studied are right-handed, left-hande 
people have long been regarded as in some way peculiar or me 
or clumsy, or as evil or of bad omen (e.g., compare the derivations e 
gawky and dextrous, sinister and righteous). These beliefs are not OMY 
reflected in language, but play a part in many religious, cultural, ап 
social practices as well. Furthermore, left-handedness has been reporte 
to be unusually common among mental defectives, epileptics, psychotic® 
" degenerates," draft rejectees, and children with emotional disturbances 
behavior problems, and speaking, writing, reading, or spelling difficultie 
(see Wile, 734 for further discussion). 

Dominant handedness has been ascribed to a variety of causes, 7 
hereditary and environmental. One of the most interesting thao 
because it represents Darwinian selection in its simplest form, is Ше 
primitive warfare theory. Тһе preference for the right hand is pre 
sumed to have arisen because the left hand was needed to hold а shie 0 
over the heart while the right wielded a spear or sword. ‘Those es 
held the shield in the right hand were more likely to suffer fatal WOU? 
in the heart, and hence the left-handed in the course of a few thous 
years of primitive warfare were reduced in frequency by natural select 
(Pye-Smith, 1871; Thomas Carlyle in Froude 1884; Gould, 08; и 
rufi, 09). Even more widespread and more generally accepted h 


been the theory that the dominant hand is determined by the dominan 
eye (Callan, 1881; Le Conte, 1881 ; Go drew" 


both 


uld, *08 ; Parson, '24; МеАр 
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OWN 


785; Fink, 228; Wile, 749; Berner and Berner, 53), although opinion 
ап4 some evidence to the contrary has also been presented (Stevens, 09; 
Kuroda, 97; Woo and Pearson, 27; Miles, 30; Krimsky, 248; Walls, 
51). In connection with this theory, the difficulties in speech, writing, 
ete., have been attributed to mixed dominance of eye and hand, and 
treatments have been based on this concept (Wile, 42; Berner and 
Berner, 53): Some of the difficulties in assessing and comparing the 
b results of previous studies arise because of a lack of information about 
| the criteria used to establish preference or because different criteria have 


been used in different studies. 


THE RELATIONSHIP BETWEEN VISUAL ACUITY AND OCULAR DOMINANCE 


Sir Francis Galton was one of the first to make a scientific study 
pi lateral dominance of hand and eye in man. He collected а con- 
th erable amount of data at the Health Exhibition of 1884, which were 
| се Stored at the Galton Laboratory until analyzed much later by 
Too and Pearson (97). His criterion of handedness was the strength 
mene by the right and left hands as measured by а dynamometer. 
ань stronger hand was considered to indicate the hand preferred fe 
visu diei. only one hand. The criterion of ocular dominance bec 
en acuity, which was measured in terms of the ability to ala 
Not ond type. As Woo and Pearson recognized, strength of 5. an 
or e riy indicate the hand preferred for tasks requiring dex $i 
ave аша skill, nor may the dominant or master eye pi 
се he greater acuity. A variety of tests for ocular Lina | 
n used, but the essential phenomenon is one of binocular vision 
lone 8, 751). Under certain circumstances, even Шы Wu 
ining Open, only one can be used effectively, 48, oe 2 
suppa UP a vertical pencil with a distant tree. There bp е 
ны of vision in one eye, described by Krimsky ( Em 
he сащ of critical foveal vision in the non-dominant ет 
то 9minant eye assumes the role of fixation." Woo " 2 
Seded with their analysis upon the assumption that visual acu г 
Strength of grip were valid criteria of the dominant eye and hand, 


Teported that they could find no correlation whatever between 


e and the “ controlling eye.” 


Е The Ber 
d their “ con- 


Owe 


W ners distinguish between the dominant ey 
trolli 


ve М 
м they fail to tell how the dominant eye Was 
» 
eye” appears to be what others regard as the d 


determined, an 
ominant eye. 
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ocular and manual dominance. Although they felt that visual ы 
was actually a better measure of oeular dominance than the hes mut 
sighting tests commonly usei; it is clear from fheir pon куз 
obtained quite different results from other Workers. They — ети 
“ocular dextralists," 54.79% “ocular ambilateralists," an | a rai 
“ocular sinistralists," whereas McAndrews (35), perge n 
results of several others using sighting tests, reported A nigh acidi 
23% left eyed, and 2% indifferent or mixed, and Miles (30) = imd 
for the same types 64%, 34%, and 2% respectively. Mills © 9, he 
noted that the dominant eye sometimes had the poorer cp M 
Gahagan (33), in a study of 100 emmetropic university students, i 
that there was no relationship between visual dominance and perio М 
result borne out for a completely unselected group in the present stu га 
Two tests were used to determine the master eye in the work м а 
reported. One is similiar to the < finger pointing” test of чаг is 
Le Conte. As conducted here, a finger or a pencil held vertica Se 
lined up, with both eyes open, with a vertical structure such as pw 
trunk or the edge of a window or door. When the eyes are pour 
alternately, it is found that the pencil and the tree are no longer ven 
up when the dominant eye is closed. Тһе other test, used in the qt 
tionnaire, involved puncturing a hole the 


sheet of paper, which is then held at half an 
In the oth 


size of a pencil in à не. 
arm's length by the d 
er hand, a pencil held vertically at full arm's length 18 1 pn 
up by the subject with both eyes Open, so that it is visible throug ue 
hole. When the dominant eye is closed, the pencil cannot be ie 
Individuals wearing glasses were not requested to remove ee 
hence the tests were made with corrected vision. Tests used by een 
(see Fink, '38 and Walls, 51 for further discussion) йде Mn 
through a cylinder at а distant object, Parson's “manuscope,” 8 p 
vergence test (as the object approaches the face until both eyes aom 
longer focus on it simultaneously, the non-dominant eye drifts pis 
first), and sighting at a reasonably distant object through a еа + 
in a card held with both hands. The purpose of this last € ub 
cancel out the effect of handedness on the determination of the 40 
nant eye, a possible defect in the t 
but, as we shall See, а precautio 
Generally the dominant eye was d 
cases difficulties were encountered 
either eye. Among those tested p 


"— 
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Pura D» A of the test, to determine a preferred eye in all 
бв сес қ 22 ever, it was obvious that there is some variation in 
тыі p о ominance among different individuals. In the pedigrees 
айин} ке еы 4 individuals (0.876) who listed both eyes as 
The еМ теу were therefore omitted from the data. 

Miis я “se in the present study were requested, if one of their 
oe Du er" than the other, to make note of it on the question- 
e ue ying the weaker eye. м hile “ weaker > may be an ophthal- 
Яку "d unsophisticated term, it was intelligible, and the dominant 

se specifying a “weaker” eye is shown in table 1. Possibly 


TABLE ! 


М Relationship between the “weaker” eye and the dominant eye 
—— 


Dominant “ Weaker " 

eye eye n 
R R 19 

R L 13 

L R 15 

L L 6 

53 

TK P 9.17 р> 0.95 


tests w: 
> With uncorrected vision might have modified these results, but 
sith corrected 


i 
vai Que unlikely because, among those tested personally wi 
еден ^ uncorrected vision, the dominant eye remained M га, 
00 "d 5. bo concluded from the difference in frequency "e 
rom Gal RATED data and those of other workers (e. д» қ hi ds 
latina m 8 results, and from the data in table 1 Urs n 
postulated between visual acuity and ocular dominance: | к А. ~ 
"ен that sighting dominance is not 2 sensory oF жуы E 
le p ite at all, but rather a motor ocular dominance bn 
erns of innervation sent to the rotatory muscles of one eye only, 
naa which seems reasonable in the light of the above results on 
acuity. 


CRITERIA FOR THE DOMINANT HAND 


T— number of criteria of handedness have been used. Most of these 
5 determine the hand preferred for some one-handed manipulation 
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such as throwing, writing, bowling, or sewing, rather than dents 
Though there are apparently no data correlating strength with 25 
terity, the frequencies of Woo and Pearson for strength of grip pin р á 
“manual dextralists," 6.73% “manual ambilateralists," 28.9066 ау 
ual sinistralists”) are similar to the frequencies obtained by manipu - 
tive tests, though with a somewhat higher percentage of [йу най 
Rife (40, 50) used 10 criteria of handedness, and classified em 
using the left hand for one or more of the operations as бынау 3 
“on the assumption that ordinary environment favors right-handers- 
In the present study, 4 criteria of handedness were би 86 
writing, striking a match, and threading a needle—while kicking servel 
as the criterion for the preferred foot. When the various criteria were 
grouped, the convention adopted by Rife was followed. Жекен 
for similar reasons ambidexterity on a test was taken as indicative a 
left-handedness (Hurst, 12). This arbitrary decision had little gi 
on the analysis, for only 8 out of the 497 people in the pedigree 
indicated use of either hand for one or more of the tests. ET 

Needle threading was thought to be a useful addition to the p 
of handedness used by others because, although generally not taug E 
it requires a high degree of manual skill, and is performed so seldo i 
by most men that for them it should be relatively free of um 
mental influence. Тһе hand guiding the thread was regarded 8$ te 
preferred hand. It should be noted that very few of the persons tes ip 
knew which hand they used to thread a needle or which eye was the 
dominant eye, or even that they had a dominant eye. 


RESULTS 


Table 2 gives the frequency of the 6 traits studied. One unde’ 
twenty-three persons were tested by the author personally so that a 
frequencies in this random unrelated group could be compared ig 
the family groups obtained through correspondence. The excess 
males is due to the greater number of male university students 11 i 
tested group and serving as propositi for the pedigrees. There 816 » 
significant differences between males and females or between the tes 
group and the family groups for any of these traits. ded- 

Table 3 shows the relationship among the various tests of Вар x 
ness and kicking. The extremely large and highly significant 194 
square values for all tests indicate that threading, throwing. ут 


ҒАЛЫ 
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\ 
TABLE 2 
A 
Per cent with left side dominant for the 6 traits analyzed 

1 DOMINANT NEEDLE STRIKING KICK- 
, TRA EYE THREADING THROWING MATCH WRITING ING 
| i n pL pL 9% СС 
1 
n. & 72 27.8 19.4 6.9 4.2 42 5.6 
4: Te pu s 

I cer 9 5 41.2 19.6 73 3.9 39 137 

$ T 123 33.3 19.5 Tia 41 4.1 8.9 
Eo $ 261 31.8 14.6 9.2 8.0 6.9 T3 

| Pedigrees о 93g 30.9 19.9 72 8.5 Se 44 
” T 497 31.4 174 3.2 8.2 6.6 7.0 

( 417 р T 5 24 6.7 7.3 

To 4 313 30.7 14.7 8.6 7.7 

‹ - 9 264 31.1 19.7 0.4 16 5.7 68 

LI 

" a 

Tested by the author. 


b 
| Тез: Б cir di n 
8 than the sum of tested and pedigree groups because 43 persons Were common 


both groups. 


TABLE 3 
THREADING- 
Relationship between various traits HAND 
сом HAND (OTHER 
BINA- KICKING- STRIKING HAND (ALL (OMITTING CRI- К 
Natio THREADING- THROWING- STRIKING MATCH- CRITERIA)- THREADING) TERIA) 
RR 
RL оз 450 мт 453 399 m a 
IR : 6 15 3 3 3 С 
м, jd n 9 12 63 18 
ж 82 30 26 99 32 32 40 
o11.28** 157.97“ 


311.55** 127.12** 


112.42** 275.61** — 215.80** 
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and striking a match are related to each other and to kicking, and that 
there is a fundamental preference for using the arm and leg on ое 
side of the body for most tasks. Тһе considerably higher wipes 
of left-handedness for threading as compared to the other traits ani 
to most other studies (see Wile, 734, for summary) would seem to indi- 


TABLE 4 


Relationship between dominant eye and hand 


EYE- 
EYE- HAND (ALL 
COMBINA- EYE- EYE- EYE- STRIKING EYE- CRITERIA) 
TION THREADING THROWING KICKING MATCH WRITING 6 FOOT 
RR 292 321 322 320 327 281 
RL 48 19 18 20 13 59 
LR 119 135 140 137 137 115 
LL 38 22 17 20 20 42 
xt 7.61 9.96" 5.23 723 — 13.71% 6.08 
*p»«.05 
С. 
TABLE 5 


Dominant eye in persons completely left-handed or right-handed 
(by 5 tests) 


HAND EYE n n^ 
R R 981 287 
L 115 118 
L R 6 9 
L 11 11 
x 9.90* 591 


* Four additional pedi, 
included here because th 
the indeterminate range 


аге 
srees received after the analysis had been completed о 
е additional information is sufficient to shift the x 
to a non-significant value. 


“р<.05 


cate that this trait is relatively free of environmental pressure to ec 
However, the low frequency of left-handed writers undoubtedly reflec 
environmental pressures to some extent. Я 
'The relationship between dominant eye and handedness 18 yos 
in tables 4 and 5. "Though significant chi-square values occur. the 
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Appears to be essentialy по relationship between the dominant eye 
and the dominant hand. 

Tables 6, 7, and 8 show the type of offspring resulting from different 
types of mating with respect to handedness. One hundred and three 


TABLE 6 


Handedness (all criteria—threading, throwing, striking match, writing, and 
kicking) among offspring from different types of matings 


SERE OF SONS DAUGHTERS TOTAL 
CATING SIRSHIPS эз AL n GL n LL 
i 75 97 165 т 334 014 195 
RXL&Lx dz 28 32 28.2 31 41.9 63 34.9 
nee 24 28 28.6 25 48.0 53 377 
R9 xLg 9 10 400 8 025 18 500 
L9xmg 15 18 222 т 42 35 314 
is 4 4 950 в 167 10 9200 
Чалы, 103 129 108 231 


TABLE 7 
Ni А 
___ °°Чечһтеа@їпд incidence among offspring from different types of matings 
3 IT 79 109 175 2 195 185 184 
Кётхт, 94 20 — 23.1 өз и m 
Е. 21 м mne = ub 4 55 
Кох 7 в 250 g sa = 55 
íUSXRa 14 м в 6 41 % 1% 
AN 3 2 500 4 250 i | 
То 7 . 
Ж 103 129 108 


Sets sults 

the E Parents and their children are included. These Т8 pde 
Etenee of heredity on handedness (Jordan, 711, 14; flading A 

highes 2? "13; Chamberlain, "98; Rife, 40). AN айе sere a 
* Incidence of left-handedness when at least one of the p 
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left-handed. Тһе demonstration of some correlations between functional 
handedness and dermatoglyphie patterns, which were established by the 
end of the fifth month of fetal development (Cromwell and Rife, 42) 
suggest the existence of an anatomical basis for handedness. Rife (743) 
also found associations characteristic of autosomal linkage between 
handedness and certain dermatoglyphic patterns. 


TABLE 8 


Handedness (all criteria. except threading) among offspring from 
different types of mating 


TYPE OF SONS DAUGHTERS TOTAL 
MATING SIBSHIPS n GL п % Г. n % 1 
RXR 92 15 113 94 13.8 209 194 
RXL&LXL n 14 986 14 986 ов 28.6 
RXL 10 12 333 12 33.3 24 333 
R9 ХІ в 8 375 6 500 14 428 
LỌ XR4 4 + 950 в 167 10 200 
LXL 1 2 0.0 2 0.0 4 2d 
Tora 103 129 108 237 


The data from twins are of particular interest because in jdentical 
twins with the same Senotype one may be right-handed and the other 
left-handed (Rife, 240). Furthermore, the intrapair variation in frä 
ternal twins is the same as that in identical twins (Wilson and Jones 
732; Rife, 240), and left-handedness in the twin population, including 
both types of twins, is more frequent than in the single-born population. 
The distribution of handedness in both fraternal гий identical twin* 
is not significantly different from what would be expected on à random 
basis; that is, with а= }(2), the frequency of right-handedness, and 
B—f(L), the frequency of left-handedness, the distribution equals 
а? (R-R) + 2ab(R-L) + b*(L-L) (see table 9). Thus, the information 
from twins alone might Suggest that prenatal enyironmental influence? 
are solely responsible for handedness. However, Rife (740, '50) S 
shown that R-L pairs of twins of both types have a higher frequency 
of L sibs and parents than R-R pairs, and A ron- 
mental does not explain satisfactorily 
handedness in the population. ` 


and, of course, prenatal reri 
the greater frequency of "E 
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Some of th à 

postulated > peo authors (e. g., Jordan, 711,714, and Ramaley, ° 
recessive ten қ. 2 handedness was inherited as 4 simple М avs 18) 
e ^48). к ea = persisted in the Шише клы =ч 
-L discord; лз ы he situation clearly is ; die 
children tem in identical twins and cuc eed bens "n ie 
gesting (40) es L parents suffice to disprove it. Rife “att "e 
not me а 8, > handedness was а quantitative trait ee ould 

Single gene nd оп a single gene pair basis, returned. (750 а 5 
that fus muy e with the heterozygotes, however, мя labile 3 
ut with He ] become right-handed, or ambidextrous, or left-hand à 
lomozygotes fixed as to the dominant hand. ends 


балады қ TABLE 9 
t of Rife's 
ле Rire оп handedness in twins (1950) with values expected 
e's theory and with а random distribution 


uuu ONDAZEGDTIG DIZYGOTIC 
к %Е %Е 
~~" 40 @ i (RIFE'S co, B (RIFE'S 
AD M) THEORY) n сс 0 (RANDOM) THEORY) 


7 76.1 P 
LL 76 ооо 76.0 TTA 164 17. 
қ Қы 22.4 212 45 21.3 


(В) = 584% 


f(R) = 87.2% 
f(L) = 11.6% 


f(L) = 12.8% 


fraternal or identical, are 
he other left-handed, and 
that one will be left- 
a the other half, Rife 
e 9). The greater 


f 

ене: üssu 

in Тозудоп» 
nq izy А 


Mona that where both twins, 
and antic twin ye be right-handed and t 
ded in hal s with only one heterozygous, 
Pia. that thi of the cases and right-handed ir 
Weney of left hypothesis fits his twin data (tabl 
en of Peg ee among twins Was attributed to the fact 
han ғаны а majority " erozygous twins are phenotypically left-handed, 
r АП к single-born heterozygotes become phenotypie right- 
distributio considered, this theory is more satisfactory than а 
, d assum fic of handedness in twins. However; the rather 
natal, the bine iuis somewhat vitiate the argument, since the 
and not heterozygous twin is assumed to be firmly fixed pre- 
further influenced by post-natal events, while the 


ers, 


hauded- 
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single-born heterozygote has handedness determined post-natally. How- 
ever, it can also be shown that this hypothesis fits the data for the 
single-born reasonably well (tables 10 and 11), a further argument in 


TABLE 10 


Gene frequency analysis of handedness in single born children 


FREQUENCY 
OF HANDED NESS 
POSSIBLE FREQUENCY IN CHILDREN 
MATING GENOTYPES OF MATING R L 
RXR RRXRR pt pt 
RRXRr 9р2, Эуе aa 
Pa 2 2 
RrXRr 2q? Sut qu 
EA 2 2 
TOTAL p? pq 
7g (p+) D) Е 
RXL КЕ х 3p*q p*q 
Rr 2p*q 5 2 
RRXrr 2p*q* pu put 
RrXRr 2p2q? pq? p*q* 
RrXrr 2pq* pg? Зра? 
pq E зы 2 
Toran pq ра 
z (2р +1) TR (2g +1) 
LXL Rr X Rr pq? рзд? ре. 
2 2 
Rr Xrr ?Ф 3pa* 
Эре Ew 2 
Tr Xrr а* 4“ 
TOTAL ра: id 
*- 4 ath | 
R = gene for right-handedness 
left-handedness P = frequency of R 
q = frequency of г 


its favor. The fit is not exact (x?— 19.43 with 5 d.f. and p< 01 
for Rife’s 1940 data on 2,178 children), but this result is not sur- 
prising in view of the arbitrary assumptions. The greatest deviation 
appears in the RX L matings were the ӘТ, ds lower than expected. 
However, this deviation is in accord with Rife’s suggestion that # 
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majority of the single-bor 
lus Der си gle-born heterozygotes, rather than the 80% ass 
ЕШШ ко. It is clear that neither Sn. im pus 
Bá. Dhe о. за E suffice to account for the genesis of handed- 
P йты =н between identieal twins proves the importance 
ehid. imd НЫ E ыя while the discordance between a left-handed 
ihent вне etely right-handed cultural and familial environ- 
тзн А, Vig ego of innate factors in the development of 
nce, the statement of Sir George Humphry in 1861 


may still 
adequately state the situation: “1 am driven, therefore, to 
2 > 


TABLE 11 


Preque: 
ney of left- s 
f left-handedness in offspring from various types of matings 


EXPECTED * OBSERVED 
(RIFE’S THEORY ) RIFE (40) 
MATING ho L h L 


RXR 6.0 18 
RXL 31.0 24.3 
BRE 56.0 54.8 


50% аге left-handed and 


^ 
Assumi 
suming 509 А 
g 50% of Rr are right-handed and 
is 1950 paper on twins). 


f(L) 
= 12.05 

7o (the frequency assumed by Rife in h 
he right 


the y 
üther nic МИРЕ " 

nice distinction, that, though the superiority [of t 
iy is natural [i.e 


hang] к 
18 acquir 
hereditary] е0 the tendency to acquire the superiori 
Laute à 
rba "9k 
ach (295) and Chamberlain (7928) reported a greater fre- 


ney of 1 
eft-handed males than females, but Jordan (14) found no 
ignificant differences between 


for any of the traits shown 


que 


Signi 

ifieant di 

ales 2s SEND TM. There are no $ 
emales in the present study 


(tab) 

e 2), 

to the ies apparent excess of left-handed women in table 6 is due 
what greater, but not significant (table 2) frequency of 


Wome 

n wh 

he io thread a needle left-handed (tables 7 and 8). 
uence of heredity on the dominant eye is shown in table 12, 


ominance in the left eye 
he parents also has the 


ave referred to the 


Tom : 
А which + 
Ch it is clear that the frequency of d 


8 cons: 
lett a higher when one or both of t 
inant peg. Although various authors h 
Ussions of 1 an inborn or hereditary trait 0 

andedness, apparently no pedigree 


dom 
ise 


ften in relation to 
s have previously 
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been published. Тһе exact genetic mechanism must await further ha 
but it is clear that a straightforward single gene hypothesis is = 
adequate to explain the results. Since ocular dominance is only yea 
lished by about the age of three (Fink, 738), it is probable that е 
prenatal and postnatal environmental factors also play some role in 1t 
determination. 

TABLE 12 


Dominant суе among offspring from different typcs of matings 


TYPE OF SONS DAUGIITERS TOTAL L 
MATING SIBSHIPS n % Т, T % L п 9L 
RXR 56 75 227 50 950 131 d 
RXL&LXL 4T 54 — 463 52 — 402 106 m 
RXL 36 42 405 40 — 47.5 82 са 
R9 XLS 21 28 391 95 56.0 53 one 
L9xRgj 15 м 5741 15 333 29 NÉ 
LXL 11 12 0067 12 417 24 542 

TOTAL 103 129 108 237 | 

DISCUSSION 


In view of the number of harmful : 
or attributable to left-handedness, to changed dominance, or to mixe 
dominance of eye and hand, it would seem desirable to investigate most 
carefully, with adequate controls, the actual relationships involved. 


i . 3 Е -roneous 
Since many of the previous studies were undertaken with erroneo 
assumptions, particularly as to th 


conditions supposedly related to 


| : aar and 
€ relationship between ocular 4 
2 . ; “ing al 
ght into such difficulties as stuttering 


; inan 
influence of heredity on the domum 


1 
St of inherited traits in man. Althou£ 
it appears that a simple one-gene hy 


the data, further information from 
twins may make possible the fram 
hypothesis. If so, this trait may th 
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of hum 
an geneties, f 
" Cs, А 
types of domina for ocular dominance is easily determined, and both 
ance are s i " о 
occur within f. are so frequent that s i ; 
within families under ean t segregation will commonly 


SUMMARY 


1. 0 
: Ocular domi i 
minance is show 
h eh s shown to be unrelated гі ity. 
oa he to visual acuity, and 
брда 3 motor phenomenon rather than a sensory 
қ ptual phenomenon 7 
" 3 
< А close relati i 
5 da : фс Г 
tionship exists among four tests of hand preference 


an А 
d one for the preferred foot. 


There is 
is essentially i i r e 
ly no relationship between ocular dominanc 


ar ; 
à e the dominant hand. 
* ж higher ineide s 

fana hes nce of left-handedness is found when one or both 

The ШЕЙ, eft-handed, in agreement with previous studies. 

өне ied single-gene hypothesis applied by Rife (750) to 
Б. fum " shown to apply also to the single-born. 

atings : j : 
the left ы R ХЕ for dominant eye, 23.7% of the children had 
а» cs dominant; in ВХ L, 43.9%; and in L X L, 54.2%, 
onstrating the influence of heredity on this trait. 
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‘ological and 
а. Are the assumptions to be used based on sound e ological 
physiological data for animals? — 
қ і 1 1 Раса d 
b. Are the conclusions derived in accord with the facts of hu 
TH a 
physiology: ғи Рен 
с. Are the specified ecological forces which influence animals really 
affecting man in an identical manner? 


The facts force me to say, “no,” {о each of the above questions when 
they refer to man and the postulates or so-called * rules” of nie md 
and Allen. А demonstration of the invalidity of these concepts 
human ecology is the theme of this paper. йл 
Do these rules apply to animals? Many examples are cited in 
ecological literature to Support the views peo 
Rabbits are said to have leaner and longer ears as we progress southwa | 
from the polar regions ; however, different Species of rabbits are rc 
The barren ground caribou is given as larger than the more ie 
forest species. The extensive migrations back and forth of these елене 
should not be ignored and the greater severity of cold in the subare F 
forests is a pertinent factor. The penguins of the extreme south are н 
to be larger than those nearer the equator, But, large and small pen 


; p 2 : " -amples 
suns are found together in Some antarctic areas. Іп all these exam] 
When one examines the b 


relatively trivial and 


Allen. 
of Bergmann and Alle 


simple function of surface area. The tenuous дар 
15 clear from a careful examination of ten 
anisms in mammals. join 
hat school of thought which explains the a 
terms of Allen’s and Bergmann’s postulates ё 
It is my contention that their stand is = 
perly interpreted, As I view human эй = 
ats itself: Man, from his earliest origins, her 
not responded to his environment in à willy-nilly fashion but has rat p 
done everything possible to control] and shape that environment 
conform to his ideas of comfort and convenience. 3 in 
The climatic determinists ordinarily Suggest that adipose sept 
animals serves as a dead, insulating blanket which inhibits effective 2 


on inadequate data impro 
one constant factor repe 
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сат between the animal and its environment. Witness the so-called 
2 IM M Lic р he opem in ашыш 
PélésslhnHons sni ud А : а > "d needs к he animal. These 
йлы о : | i nos inv entiveness and may have a germ of truth 
Adipose ea Р e "e wegen | vd "im physiological fact. 
bolically pe В e ar enti, inac не ning, but is quite active meta- 
bed er mn leimer, 16). For metabolic purposes the capillary 
ен» i issue 18 comparatively rieher than that of muscle (Wer- 
à nd Shapiro, ^48). Тһе blood vessels are innervated by sym- 
и fibers. One wonders, then, what stimulus is adequate to 
aul ouly ^ 7. of fat over all the body of cold-dwelling snas 
the Sio ne tail or buttocks of certain dwellers in warm areas. From 
ogical point of view climate does not impress one as adequate. 
TAS is told that the seals of the Атейе Ocean have a layer of 
ing blubber; but, the seals and sea lions from the warm waters 
i California are not particularly skinny; nor is the Florida manatee 
А striking example of spare build. 
r survival by inereasing meta- 
cting а favorable microclimate, 
e heat loss from the core 


i i homeotherms adjust fo 
and by ч; y Increasing insulation, by sele 

Se Y maintaining cold extremities to reduc i 
ioc olandas, 55). For example, un Eskimo husky dog ana tie igo 
Perature пана temperature of at least —40° C. pem B Ei 
сап таш уп know, is the lowest air temperature at У ш = ї * 
in a ип a resting or basal metabolic rate. This ability à zeme n 
i resting metabolic state at very low temperatures is a result of 


чог 1 " " 4 eod 
cased insulating capacity of the fur which in these species 18 fluffed 


E the cold. The typically Arctic lemming has à eritical temperature 
uL PHP C., but this species and others like it select m 
eee В near freezing, and many build warm nests. ж. ка 
in ше patterns and not morphological ones make for шм 
км 4. | Caribou and sea gulls conserve body heat ‘by звенит: Г. 
ог "nine: 'The earibou on cold days keeps its thin legs at м = 
ies Arctic gulls have been kept with their feet in vim pro 
his hours and the basal metabolic rate goes UP only а e cs 

‘iss Molander et al., 750). The gull preserves body heat by н. a 
Pun temperature of the legs near zero. Moreover, cellular adapta 3 
7 Which permit portions of nerve axons їп these cold parts to conduc 


Effect: 
Setively at depressed temperatures (Chatfield её al, 58). 
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Some arctic and subarctic dwellers meet the enormous heat losses 
by increasing metabolic rate for prolonged periods. The red squirrel 
of Central Alaska does just that, and it is not a particularly globular 
type of homeotherm but it seems well established in its northern neigh- 
borhood. 

There is no clear-cut physiological evidence that homeotherms tend 
to a globular form with reduced extremities in the face of cold exposure. 
There is a wealth of evidence that adapted homeotherms in the cold 
decrease heat loss by increasing insulation and by maintaining cold 
extremities ; some turn up the thermostat, as it were, and increase heat 
production. On the basis of our present knowledge the rules of Berg- 
mann and Allen appear to be of historical or descriptive interest only 
and certainly are not valid generalizations for animals in the cold. 

In the heat, the views of the climatic determinists are also open #0 
question. For example, “Neither the ratio of surface area to body 
weight, nor the ratio of surface area to the two-thirds power of body 
weight, showed a significant difference between Jersey cattle and Sindhi- 
Jersey crosses, although the latter have appreciably greater heat тев18- 
tance than do the former” (McDowell et al., ?53). In other words, heat 
tolerance could not be attributed to greater proportional surface, large 
dewlap or other morphological peculiarities, | 

Need one mention that the hippopotamus, rhinoceros, and elephant 
are built on the roly-poly, globular pattern, but are well entrenched 20 
their tropical environments? The camel is adapted to its normal hot 
environment; not by reason of Из morphology but because its tissue? 
can withstand elevated temperatures for long periods. In order to 602 
Serve water, evaporative cooling is depressed to a minimum during water 
the rectal temperature may rise from 34.2 10 
With no harm to the beast (Kleiber, 756): 


(Gelineo, 755). Р 

Mayr (556) re-emphasizes the fact that the so-called rules 5 
Bergmann and Allen are “ purely em тіріп 
parallelisms between morphological variation and physiogeographi 
tures.” He admits that too many writers have elevated these P 
descriptive comments to the status of laws. In reality these rules 


are pes " 
Pirical generalizations des c fe 


urely 
nav 


98 
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“ 
: ly statistical validity." It is good to know that competent войовівік 
Ppreciate this fact. However, the point at issue remains: Some anthro- 
жөп aud sociologists are using these descriptive generalizations to 
Such ка racial variations as if they were laws having causal value. 
sage is misleading and unjustified. 
ыа rules apply to man? И the contentions of the climatic 
oa are valid, one must visualize the historical Eskimo as a 
Ns ed creature with teeth and bones rattling from cold. Then in a 
et данні fashion he should have shortened his legs and arms 
he хо his body to resemble “Мт. Five by Five.” In this way 
to Ше  Brodüce much heat and lose little of it and thus be adapted 
КТ екен» Arctic. "This globular form would be transmitted to ы 
Eskimo and his children’s children. Unfortuately for this geni : : 
Insteaq never read about Bergmann's or Allen’s rule; so they chea ed. 
чке eh wed the warmest type of clothing 
E з man and devised homes which maintained rooms ae 
Guten е On the trail their bodies, with апи to face is | 
lived и -90° F. At home А 
80 tui or or snow shelters with interior temperatures | koe br 
(Stefanss, € that these people usually rested — меме 
tropical one 21). Under such conditions the ia eth poni 
9* à trop; - which should have made them tall anc e КЕ ora m. 
9n the E н microclimate (which is of course the mm ies wes 
тарца 19) this race is held, by the climatic ды 
tma айарын of positive survival value _ ptm 
le LA (23) has pointed out that, with ne A i ee 
exa А clothing in which they are habitually enve К is я 
War pw appearance of corpulence, whereas = а А Ad кер 
һе m шан, the body tapering а little below the bro A eee 
skimos living at Point Barrow during the last centur) 
o 


Shivering they manufactt 


ез hands, were at temperatures of 80 


“ті 
an 
to 


NG ace | а à 
Evidence of spherical build. Тһе following data illustrate this fact: 
Males Females 
ver: i 185.7 
Average weight, lbs. pec pae 


h Average height 

өзе т, А қа іші 

В pp dile аге from Ray's (1885) report of his expedition to Pom 
between 1881 and 1883 

; Е қ 

° Only rea] cold people іп the world were the aborigines of Tierr 
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del Fuego and of Australia. Тһе former were never studied — 
metabolic point of view. However, Darwin and others have dese i 
them as thin, small people who lived, worked and rested stark ne 
even in severe snow storms. The Australian aborigines in their T де 
state are able to rest naked at 0? С. while maintaining a basal fond 
production (Hicks et al., 734). They are a small, skinny people b vé 
build, according to climatic determinists, should have evolved in pinu | 
to heat, Whereas they show remarkable physiological adaptation to e it 
If any groups of men should show a globular form with relatively jede 
extremities, it is the Australian aborigine and the Tierra del erant 
The fact that they show opposite of the expected response to the -À 
determinist rules illustrates the danger of explaining human таей 
morphology in terms of Dergman's а 
We are quite ignora 
the Fuegians. The 
studied metabolically 
of Arctic animals: 


ind Allen's generalizations. Е 
nt of the physiological adaptations to cold d 
Australian aborigine, on the other hand, has bes 
- He shows physiological adaptations characteris 2 
Extremely active control of cutaneous ашаа, 
Which results in maintenance of cold skin and extremities in pce 4 
environmental temperatures with consequent saving of heat (Wu ds 
These adaptations are functional and do not involve changes ns 
exterior body form, They are the only clear-cut biological adaptatio 
of man to cold that we know. he 
Bates (53) contends that, “It is easy to assume that, since ч 
Тасев show а pattern of geographical distribution, they represent € 
vironments; and, with a certain p 
of ingenuity, all sorts of adaptive traits can be described.” Howey 


Ms s rule; 
y these schemes usually disintegrate. Ав а 
diagnostic, structural peeuliaritie 


of being adaptive; they 
or behavior and these la 


perimental approach to racial matters and уе 
іп the use of descriptive generalizations аз though they were ca" 
agents in the formation of races, -narily 

Man a tropical mammal: Man in all his adaptations is ашла", 
а tropical mammal. (The Tesponses of the Australian native 10 um 
are ап exception). Не Tesponds to cold by keeping his aperi 
warm (contrary to adaptation in true Arctic homeotherms which pet 
tain cold extremities and thus Conserve heat), а process wasteful 0 
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and characteristic of " . 
те c ганыма ie ды s приета 
ilution од Someni nereased volume rea sd 
These ae decrease in heart — A i Rid 
in hot climates = а it possible for man to live and өлі кіні 
physiological adi ; on yes aid of artifacts, ‘There are few prover 
ambient ea шем of man to the cold. In the face of ie 
шенінен the bun es, man either adds clothing, heats his dwelling, or 
he adapts to the | Какей, he is usually helpless in the cold; ЖЕКЕ 
М шап bel wat in an effective manner. | 
makes to cold 9 2 һаз outlined the physiological adjustment that man 
cold than is ü т r us true that the Eskimo is better able to live in the 
typical Кари, ARETO: But the Eskimo handles the problem by a 
m turn тойт TeSponsgs ihe maintenance of warm extremities. This 
the Eskimo e high calorie intake and expenditure, à fact which denies 
the cold. às an example of a heat conserving mechanism operating ^" 


SUMMARY 

climate is with- 
of this variable 
ina 


aay This bri 

“Ou tah a and rapid survey does not postulate that 

Оп man wil] p At another time the ecological effect 

sketchy fashi e discussed. "This presentation attempted to show 

1, к the following: 

agents in i rules of Bergmann and Al 
modern studies of temperatu 


Th 3 
e vari 7 4 
ous formal examples often cited in 


len find little support 48 causal 
re regulation in homeotherms. 
favor of these eco- 


logic, 
Sica] 
> -M gBeneralizati 
Minists, i rims do not support the case of the climatie deter- 
Causal] e is forced to conclude that the rules just do not apply 
y to animals. 


re not doing 


З. T 
" ^h man А 
the ecological forces supposed to be acting а 
boriginal Australians Were. 


> Eski 
| es 5. were not cold, the skinny а 
e 
mat rules of Bergmann and Allen have по, causal role in the 
Such use of these rules on the 


lon o ; 
Tt of -— racial differences in man. 
anthropologists is a source 


қо” бот 
On no БЕН human groups have met the d 
he ns ш behavioral adjustments; t 
eveloped specific heat-conserving 


Bros, 
e SB. qn : 
Хашр orphological changes; the Australian 


of misinformation and confusion. 


emands of severe climate by 
һе Eskimos are ап example. 
functional changes, with 
‘aborigines ате ап 


n] 
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INTRODUCTION 


НЕ techni 
light несу of measuring the fat-plus-skin shadow on suitabl 
Stuart, Hill Mera X-rays was introduced by H. C. Stuart in 1940 
ыы in iow Shaw, 240). Since that time it has been widely used 
Қаны ^55) end ih (Reynolds, ^51), and to some extent in England 
Е Writing, some a Spain (Suarez, 59). There are, at the time of 
ч übnsteneons 4 ч published studies dealing with the thickness of 
ET аде range of a on various parts of the body and in both sexes. 
m earliest inf subjects so studied encompasses the entire life span. 
t, ева ancy through the seventh decade. ' 
ы Purpose, i involving the fat-plus-skin shadow have varied in 
Те recently, pe of the earlier studies were essentially normative. 
att, the range of xm of configuration has come into prominence. 
iria Ths, changes S oblems has included the stability of individual fat 
aia m fat and Miti еден fat during weight loss, the relation 
Supe he relationshi h progress, the quantitative assessment of obesity, 
Tfcia] fat. ip between x-ray and pinch-caliper measurements of 


OWever it ; 
> it : 

is evident that the thickness of the subcutaneous fat 
onal to the total weight 


derate to high correla- 
act No. AF 18 


research grant 
Mental Health. 


ayer 
of 2“ ou 4 
fa ter fat? is at least roughly proporti 


For 
on 1 ‘ 

e thing, weight and fat show mo 
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3E 2 . 
i when the “best” fat sites are consid; red (ef. Garn, кч 
pee the thickness of the subcutaneous fat is inversely relate i 
= mde Without endorsing the oft-stated assumption that es 
Ranma fat are equal—a relationship manifestly 1mpossible .n о 
ты is nevertheless obvious that people with thicker peers 
fat deposits are fatter and weigh more. This leads to bye ке 
of estimating the weight of fat from the thickness of ғ ваз 
The possibility of estimating the weight-of-fat (and = al dad 
weight as well) from fat thickness and gross weight was explor em 
preliminary study (Garn and Harper, 255) wherein the ud pe 
appeared to be reasonable, in comparison to other sperem co 
Further, individual estimates of the weight of fat, based on fa ре 
ness data, were compared to a biochemical index of obesity, and i ably 
shown that the biochemical index not infrequently yielded pa P uod] 
improbable estimates (Garn and Clark, 255). However, а cet 
analysis of the method and consideration of findings derived there 
were premature at that time. . larger 
More recently we have been able to extend these studies to а fully 
number of individuals (251), including both sexes and a care Age. 
selected series of young adult males with a very narrow age ee “of 
The results obtained appear to be most encouraging both in part 
the immediate findings, and toward further applications of the D ғар 
The roentgenogrammetrie method has the particular advantage of fat- 
capable of providing information not only on fat (and therefore pude 
free mass), but also of providing estimates of muscle mass and ske 
weight as well. 


METHODS AND MATERIALS { 

о 

The present Study is based upon standardized soft-tissue х-тау8 
951 adult men and women. 
Тһе first group of sub 
women, all mothers of ch 
of them were Occupied a. 
engaged in clerical 
The age range was 20 to 64 
weight were 37.2 years, 162.3 
comparable to the mean height 
and Worrall, ?53), the Minnes 
and Hunt (753) and the sta 


; yhite 
jects consisted of 94 American-born ‘Mos 


: Brože 
ota volunteers studied by ce de , 
ndard statures assumed by Behn 
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P. 1107). Ау m 
Women, » d ыста Ge "o agreed closely with that of the Minnesota 
The second ero s аи ol group-standard given by Behnke. 
born m, all m up 9 subjects included 75 adult white American 
Northwest mi them Fels fathers, and like the mothers, primaril б те 
lor {һе women pueri ipis With an age range identical to That 
means for ид ii 4 very slightly higher mean age (40.3 years), the 
wan within Lo e and weight were 176.8 em and 76.0 kg. Mean stature 
"n Sion em of the Behnke standard, and of the mean for the 
the men d xd men tabulated by Brožek (759). In average weight 
to the Қына у g above the Behnke value for comparable age and close 
About half rj ipie by Brožek in tables 2 and 5 of his paper. 
übor, and atire манар male subjects were engaged in farming, skilled 

The third a asks requiring considerable physical activity. 
students mes bw consisted of 82 American-born white male college 
the theny PH cted to provide a narrow age range of 21.0 to 92.9 years: 
(79.6 Ке) е was 21.7 years. In mean stature (178.3 сш), and weight 
(86), n" А у were above the Army medians reported by Newman 
athletics = a few of the students were regularly active in college 

4 several engaged in semi-pro sports away from college. 


Since 

m. арртохі жеме Е 

E Proximately 35% of them were of Southern or Southeastern 
ely from 


urop 
the Ohio ancestry, the student sample was tabulated separat 
Тһе et 
at 1g ooo x-rays were 
Part стены seconds, and at 40-80 Peak 
Were ug ss. Fast film, intensifying screens and normal dev 
minimum ü diation was reduced to a 
Specia] md on the use of а double-diaphragm cone. Even without 
а and Gam ај introduced in these studies in 1955 (Garn, 
dis тА ontag and Silverman, 757) gonadal radiation was far 
dosare mr) ( which is approximately the yearly natural back- 
phic fl (cf. Neher, 57). Тһе fat-plus-skin shadows on the 
ms were measured at right angles to the skin surface, 


5 4 
A тылы; vernier calipers. 

(т,) for al estimates of body fat were based on mid-trochanteric fat 
*PPropriate ales and iliac crest fat (1,) for females, nstants 
E to the group in question. These part 


ie, 
ed as hayi 
ің Sites, Mere. (1) the greatest communality with other measured 
M q k (2) highest correlations with weight (cf. Garn, 54; Garn 

ded to base fat- 


ат) › Ж 
› 755; Gam, '57e). Although we had inten 


taken at a 6 foot tube-to-film distance, 
Kilovolts, depending upon 
elopment 


ed А 
throughout. The circle of irra 


та 
1021. 
usi Sra 


by using со 
icular sites Were 
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к А а- 
weight estimates on multiple fat sites, а detailed comparison et d 
tions based on single and multiple predictions showed no great rin 
ment in predictive efficiency when more than one site was rendi 
(Garn, 7575). Accordingly, the simpler procedure was used thr 
i n railable. 
ut even though data on 8 other fat sites were avai da 
° The technique of estimating individual weight-of-fat values apes 
regression of weight on fat may be considered in terms of the 8 
prediction equation 
y=ar+b 


wherein weight (y) bears a nearly straightline relationship to the fat 
thickness (2), with a slope defined by the constant (a). ving 

As Behnke (’53) has pointed out, weight may be considered as v the 
two components, the fat-free weight (here equivalent to b) an 
weight of fat (here equivalent to ат). 


Hence, if b is subtracted Írom both sides of the equation, 
у-ва 
and az equals the weight of fat. 


Now the constant a is easil 


oy 
у determined from the values of ^» 
and oz since 


cy 


@=т— т 
от 


аз described in Peters and Van Voorhis (40). stant 

Thus, if the individual value of fat (x) is multiplied by the con 

(а), an estimate for the individual’s weight of fat is obtained. ight, 
And, as should be obvious, since y —y' equals the fat-free We 


ima е 
Subtracting az from the individual's Eross weight yields an este 
of his lean or fat-free weight.? 


The utility of this 


one 
being linearity of the 


method depends upon several assumptions, Jac 
fat-weight relationships and another being ^ Я 
of correlation between gross size and fat. Both assumptions cess 
shown to hold within the limits of the Present data, Again, the 855. e 
of this method depends upon the relative independence of the fat- the 
weight from the weight of fat. This was shown, not only bY 
n 
aIt will be noted that the estimated fat-free weight is, in every — ts 
individual estimate obtained by subtracting аш from gross weight, and п 
group intercept b, 
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correlatior 
had есіней не мы An Ei replicate estimates on individuals who 
a i Қ, rs in the е wi нана 
айй in ko certe io point out that the findings given in this paper 
should not he - 4 the constants used in the weight-of-fat estimates 
ФОБ ыды a = other groups without due caution. Whereas the 
and lis in селен uy it the data, they are ultimately derived from r 
is not applicable К. subject to sampling error. Finally, the technique 
bà whoin. fhe Ter o individuals who have rapidly lost weight, or to others 
Шыны Б rmal relationship between weight and subcutaneous fat 
as been disturbed as during semi-starvation (Garn and 


Brož 
žek, ^56) or in lipo-distrophies. 


ШИ FINDINGS 

asis, scii her weight of fat were calculated upon ап individual 

fat (L3 Жеш chanterie fat (Ta) for the male series, and iliac crest 

employed for : 94 females. The constants 0.76, 0.81 and 0.72 were 
male series ne student series, the Ohio male series, and the Ohio 

Ав бас respectively. 

Positively s ме table 1, all three fat dis 
WO male — ты in the manner characteristic of 
at values w o was effectively of the same type. However, the female 
atter, T} ere even more positively skewed, and the distribution was 

Standard Дат” there is very good reason to avoid the mean and the 

S mi gh iac when reporting weight-of-fat data. | 
the stude expected, the Ohio males (who were somewhat heavier 

ү contrasted nts) proved fatter, with а median weight of fat of 12.7 Кр, 
9 the diffe % 90 kg for the college males, 8 difference almost equal 

of fat or ] тепсе in weights. Nearly 60% of the students had 10.0 kg 

heilen uu compared with approximately 30% of the Ohio men. 
ghtly E turn, proved fatter than either male group, though 
ore so than their husbands, and 4.5 kg more than the 

ù » poss owest 5%, ОТ truly lean indi- 

oer 5% ‘sessed 6 kg of fat or less. But the “obese” category, OT 

hio men „аа those Ohio women i kg of fat, the 
ho had 23 kg of fat or more, an is whose weight 


iributions Were markedly and 


fat. Skewness їп the 


than 


: d the studen 
Sam With = 
TRES 
iations in skewness, two very dissimilar distributions тау have the 
y have different means. 


ean а; 
nd t е 
wo rather similar distributions ша; 
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of fat exceeded 25.5 kg (these values were obtained from the percentile 
distributions before grouping into class intervals as shown in table D 

Fat-free weights were calculated, again on an individual basis, by 
subtracting the estimated weight of fat from gross weight. Пете, МА 
would not anticipate a large difference between the two male à 
(barring accidents of sampling) and this expectancy was confirme 


TABLE 1 


Distribution of estimated fat weights 


FAT WEIGHT 94 Onto FEMALES 


74 Онто MALES 82 COLLEGE MALES 
(Kg) No. % No. % No. 72 
5.0- 7.4 17 18.1 8 10.8 23 281 
7.5- 9.9 15 16.0 10 13.5 19 292 
10.0-12.4 8 8.5 14 18.9 n Ime 
12.5-14.9 8 8.5 11 14.9 6 ie 
15.0-17.4 2 21 9 12.9 4 0 
17.5-19.9 8 8.5 9 12.2 4 i 
20.0-22.4 8 8.5 4 5.4 3 Be 
22.5-94.9 6 6.4 3 4.1 1 e 
25.0-27.4 5 5.3 1 1.4 3 Ші 
27.5-99.9 6 6.4 1 14 = e 
30.0-32.4 5 5.3 — — 1 > 
32.5-34.9 1 11 — = = ~ 
35.0-37.4 1 11 = EN 1 ы 
MEDIAN 13.5 


(table 2). Тһе median 
and 62.5 kg for the tal 


fat-free weight of 68:5 kg. Тһе Women, in turn, had far lower fat-free 


weights, with a median at 42.3 kg, approximately 66% of the median 


male value. Although there was а fair overlap between the women ап 


Тее weight, only one woman actually 
equalled the combined male median value. This finding is e 
with other data and estimateg of fat-free weights (cf. Behnke, 9% 
Edelman et al., '52). 


It is of some interest to consider the range of fat and fat-free weights 
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ав ап indicati 

The rin шл variability of the several body compartments 
Жой, pus ТЕ я was approximately 2 to 36 kg; the most chis 
the ened m аз fat as the leanest subject. On the other hand 
Bob) ana o. е тее weight was 30 to 62 kg for women (a ratio of 
ability doce ¢ — ratio for the males was 1.7:1. Fat vari- 
variable tise рев to be extremely great, and if fat is not “the most 

e," eertainly it is an excellent contender for that title. 


TABLE 2 


Distribution of fat-free weights 


ESTIMAT 
ED 
РАТ-ЕВЕЕ 94 Онто WOMEN 74 OHIO MEN 82 COLLEGE MEN 
“усп (Kg) 20-60 20-60 21-22 
28 Б Ко. % No % N dit 
5 031.9 e % Хо. % 
3 0-35.9 2 91 - - == = 
Т » 4.3 — — — == 
auo 5 na — — e = 
0-47 9 [ 8.1 — — — = 
18.0-5] 9 32 34.0 — — 2 24 
52.0. 55.0 14 14.9 6 8.1 3 3.7 
20-500 T 74 5 6.8 n 134 
d 0-63.9 1 11 16 21.0 20 244 
ч 0-67 9 ! 11 20 27.0 22 20.8 
pine = — 9 12.9 10 19.2 
16071509 id = 8 10.8 1 8.5 
К 0-79.9 = — 5 6.8 6 T3 
820-839 = 9 9d e 
MEAN — = = — 1 1.2 
Меру y 44.6 62.4 01.5 
62.5 


ter relative fatness 
males in absolute 
to the fat-free 
e common 


The 
°F the ín here presented further testify to the grea 
ter "e dale. Though not much fatter than the 
Weight "Ll either in relationship to total weight or 
computati, female is proportionately fatter. Using the mor 
de lon, fat as а percentage of gross weight, the median percentage 


at for 
the males was 16.8% as contrasted with 23.7% for their wives: 
t of sexual dimorphism in 


Тедцепсу distri 
% tepert distribution shows the exten 
ч Weight (figure 1). However, expressing fat in yelation to the fat- 
more effectively portrays the sex difference and singles out 
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those individuals whose weight of fat equals or exceeds their fat-free 
weight. Ав shown in figure 2, there are a few phenomenal individuals 
with a fat to fat-free ratio of 100 or even more! 

Sorting the fat-free weights in respect to stature served to check 
whether the present method effectively takes stature into account. As 
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shown in table 3, there is a progression of fat-free weights from the 
first to the fourth stature quartile in each group. Тһе shortest women 
had a low median fat-free weight (39.9 kg), while the median fat-free 
weight for the fourth stature quartile was 47.9 kg. In the Ohio males 
& similar upward trend was evident: the median fat-free weight 1086 
from 56.2 kg in the first stature quartile to 65.6 kg in the fourth. And 
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ELATIVE FATNESS (FAT/FAT-FREE WEIGHT) 

que Fat-Free WEIGHT. HERE 
AND THE ExTREMELY OBESE 

Еховков THE FAT-FREE 


Ela 
T ARI 
E : 
More PERFECTLY DESIGNATED (see text). 


TABLE 3 


Fat-free weight by stature quartiles 
COLLEGE MEN 21-22 


Онто women 20-60 OHIO MEN 20-60 


Fo FAT-FREE FAT-FREE FAT-FREE 

тп STATURE WEIGHT STATURE WEIGHT STATURE WEIGHT 
41 (em) — (kg) (em) (kg) (m) (kg) 
42 157.0 39.9 169.9 56.2 170.6 56.1 
43 1609 451 173.7 002 176.6 50.5 
ga 164.2 45.8 177.8 602 180.7 59.9 
185.4 64.4 


109.2 47.9 182.9 65.6 
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the student group almost duplicated this trend, with an increase Wo 
56.1 kg to 64.4 kg. Since the median fat-free weight, equivalent to а 
value of b (the y intercept of z) is obviously different for —— 
stature groups, the possibility of using values of a specifie to seu 
stature grouping was considered. However, while preliminary analyses 
showed slightly improved estimates of the fat-free weight at extremes 
of stature, when using stature-specific constants, the size of the present 
samples was too small to compute definitive stature-specific values in 

The final problem was that of reliability of the method, primarily 
in respect to the estimates of fat-free weight. Granted that immediate 
reproducibility of results may be high (limited only by the standardiza- 


TABLE 4 


Replicability of fat-free weights after weight gain or weight loss 


ESTIMATED WEIGHT APPARENT 

SUBJECT No. SEX WEIGHT РАТ-ЕВЕЕ WEIGHT CHANGE DIFFERENCE 
(kg) (kg) (kg) (kg) 

1 2 1 2 
0277 f£ 192 089 377 353 103 =a 
1 fo 714 — 58.6 ал 461 —12.8 —10 
27 f 580 597 477 ата 17 —0.6 
112 m 694 74 s ша 3.8 3.1 
20 m 929 848 000 (40 —81 —10 
0371 m 783 тол 671 66.1 —5.6 —1.0 
0245 ш 686 759 6з ват 7.3 2A 
45 m 941 89] 727 тз —5.0 —15 
46 m 816 901 611 616 10.5 0.5 
47 m 


71.5 880 632 616 10.5 —15 


tion of the х-тау poses and precision 
consistent are the estimates of fat 


» the present technique appears to yield fat-free 
weight estimates reproducible within +2 кр, or 2-5% of gross weight. 
Using a series of 10 adult subjects who had 
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the ві 
gn test) the appare 
as а measur pparent changes in the fat-free wei 
> сБ ght 7 
the orem E experimental error. Interestingly, the m z used 
approximates p thus estimated under rather rigorous ae Е 
blood-dilution extent of error reported in replicate studies "rs 
What is еар as described by Edelman et al. (52) тш 
nota А x . . 
published 4. et E that the findings agree well with other 
Sex @ Теге les on fa weight, the weight of the fat-free 
ances à 3 5 =; m 
Mately б "à s in percentage fat in American men and women of i. = 
y “standard” height and weight. "em 


DISCUSSION 


It is evide 
mined fien from these findings that roentgenogrammetrically deter- 
both ЫШЫК, of body composition in adults yield results that are 
and the canina aay agree well with many values for the weight of fat 
techni gies: e weight obtained by the densitometric and blood-dilution 
The da 
of ен pe si the men are of particular interest beca 
exists ше. available for comparison, and the goo 
Of fat for a them. At 176 cm and 76 kg the estima 
mean of 13 ^ ete men was 13.4 kg; this is virtually 
Size anq "d | Б given by Behnke (753, p. 1095) for men of equivalent 
elman ер ke "m It is, however, slightly above the estimate given by 
estimate for | (52) for somewhat lighter men, and lower than BroZek's 
Similarly ion der Minnesota men of “standard weight” (Brožek, 752). 
petes pupa mean weight of fat for the student group, 
Weight, d қ within 1 kg with Behnke's value for men of comparable 
University үчле 4 kg higher than the value given by Brozek for 48 
Шегенсо жен of comparable age (but lower weight), the net 
he hn же over 1 kg when weight is taken into account. 
Publi ale fat data are somewhat more difficult to compare, because 


shed 
values fall both above and below our mean of 16.0 kg for 
f 17.0 kg for females 


nd, provides an 
the stature and 
e to true 


use of the number 
d agreement that 
ted mean weight 
the same as the 


Stimat 
w ° pw kg for women almost identical 
" Mie the rather large discrepanci 
€renceg Seon the samples, а point emph 
onr fateri een the techniques, OT finally, 

erial the mean is approximately 


es may be du 
asizd by many authors, 
differences in skewness. 
3 kg above the median. 
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However, it should be noted that the female means given by esr 
are merely approximations based оп Edward's skin-fold data E со 
female ratios in guinea pigs, and not values based on actual dete 
ions (cf. Garn, '57c). 
4 pees to the fat-free weights, the degree of TE 
the male series is exceedingly good, due perhaps to the fact 3 
fat-free weight is less influenced by nutritionalstatus. The mean 5 - a 
for the Ohio men is 62.4 kg: Behnke assumes a mean of 62.7 kg sm 
age categories. The means of Brožek and Keys (51) and of 2 n» 
and Blyth (54) are within 1 kg of our estimate, while the ке " 
free weight obtained by subtraction from the data of шише i 
(52) is 59 kg. "The student group, at 61.5 kg also ügrees we ке 
data for men of comparable age. Here, however, the element of sampli 7 
stressed by Behnke, Edelman et al., Osserman et al. (250) and € 
quite apparent. Тһе farmers and farm-raised subjects in our i 
series have a notably larger fat-free weight, 68.5 kg, quite like ‘ 
mean of 68.9 kg reported by Miller and Blyth (53) for physical аш 
tion students. Тһе more sedentary professional and clerical — 
in our series approximate BroZek's mean for older males of “standar а 
weight. Obviously, more information than just height and weight vie 
be given in the future when adding data on body composition to 
literature. 

The fat-free weights for the 


Ohio women encounter the same difficulty 
previously noted. Our 


mean of 44.6 kg is will below Behnke’s staan 
of 49.4 kg, but equally above the mean of 40.0 kg obtained by BE t 
traction from the data of Edelman et а]. (52). Further discussion ". 
this time would be Pointless, since the Source of the inter-group di 
ferences is not known, 

Interestingly, the women and th 


TE e 
е men are not too unlike in th 
weight of fat. Taking the median 


Й 18 
weight of fat for comparison wh 
preferred with such. skewed distributions, women carry approxima 


as much fat as men. However, Women are relatively considerably t 
(cf. Garn, 57Ь). Computed as per cent of total weight, percentage die 
in the female is approximately 5096 above the comparable value for à 
male, a female/male ratio exists in guinea pigs and possibly ot h 
mammals as well. But this particular method of computation, E 
the usual one, is open to objection. Fat may well be computed ht 
relation to the fat-free weight and not as a percentage of gross Welg 
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Since the common method of dividing the weight of fat by the gross 
Weight, introduces the same value (fat weight) into both numerator 
and denominator. At low values of fat this procedure has little effect, 
but at fat values up to and exceeding the fat-free weight, it tends to 
Conceal the true relationship. By way of example, an individual 
Weighing 100 kg, with 50 kg of fat would have a percentage fat value 
of 50% by the ordinary calculation, but 100% if expressed in relation 
to the fat-free weight. Now if fat and fat-free weight were correlated 
Variables, the former method might still be preferred: some value such 
85 1476 for men and 20% for women might be the “norm” at all 
Weight levels. But since fat and fat-free weight are uncorrelated in 
all adult series we have investigated to date, using the fat-free weight 
"5 the reference standard instead of gross weight, would appear to be 
Preferable, 
The present study emphasizes one problem, only partly explored in 

8 Teproducibility tests. How constant may we consider the fat-free 
Hight to be? Here, we have asumed that it is relatively constant, within 
е Span of a few years, and have used our experimental evidence as 
Supporting the validity of the roentgenogrammetric method of deter- 

ining body composition. However, just as there is some evidence for 
he ®crease in the fat-free weight between ages 20 and 60 (which к 

Че to secular changes and not a true decrease at all), there vin 

nace that à gain or loss in fat involves supporting and Беан t? ` 
ы latter case, fat-free weight may be expected to s к ШЫ si of 
is П set limits, probably not larger than the experim 

9r other techniques. Р fee diis 
eg Uther, it should be noted that all three techniques for 


: d : 
ation of body composition involve the same assumption, that o 


+ Ney оға e ti involved. Apart 
ensi ition of the tissues 1ПУ01У А 
то; Sity and/or composition f th aii B ‘dual dits 


„eXperimental errors, including the deter: т: 9 3 
Жы Source of error in the densitometric method lies st 1. a 4 
the а; at fat has the same density in all people, and at а in ende 
9f t ution method, the assumption of constancy In the en sen witli 
du at-free mass constitutes a probable stumbling bloc Й bes. Ше 
Correction for age. And in the x-ray method dA i 
weight tion that a given thickness of fat may be equate рай qualifi- 
tatio 9f fat remains to be tested. For clinical purpose ah ni 
P шау be ignored. А person with а low specific gravity, 
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percentage of water, or thick pelvie fat is undeniably fat. But from : 
research standpoint, the constancy of the “constants” remains an ope 
question; there is much work still to be done. 


'The roentgenogrammetric technique, like the dilution technique, E 
subtractive, in that it estimates the weight of one body comparimen Л 
and then approximates the remainder by subtraction. This, unfor- 
tunately leaves but one degree of freedom, an 
twice. As Siri has recently pointed out (Siri 
methods that can yield information on fat, on 
tein—and mineral too. Опе particular advantage of the roentgeno- 
grammetric technique is that it can be extended beyond its present limits 
to yield independent estimates of fat, muscle, and bone. 

The technique of estimating fat weight, from suitable x-rays has 
been mentioned before, and is described in considerable detail here. 
The roentgenogrammetric method also can be adapted to yield excellent 
approximations to the thigh muscle mass (cf. Garn and Gorman, 56), 
which should correlate well with total functional muscle, except 20, 
muscular dystrophies or motor nerve paralyses. And x-rays of the long 
bones are not only practical but with the work of Trotter already com- 
pleted (Trotter, '56) they should provide information on a third body 
compartment, bone, or шөге Specifically mineralized tissue. At the 
present time we are exploring the use of x-rays of the thigh section +0 
provide the necessary data on a Single 14 X 17 inch film, and without 
undue exposure to penetrating radiation 


d any error is repeated 
‚ 756), there is need for 
muscle—and other pro- 


SUMMARY 


l. The weight of fat and the 
individual basis 1, 
thickness of iliac 


age 40) and a group (mean age 21.7) averaged 
close to 62 kg, a value in agreement with data obtained by densitometry 
and blood-dilution on comparable groups. The female mean (44.6 kg) 
he only two standards presently available. 

3. The estimated weight of fat distributions were all highly skewed, 
indicating that the median was the appropriate measure of anta 
tendency. However, using the means for comparison with publishe 
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data, b 
» both the Ohio m : 
en (mean w т 
males (mean 11.0 kg) sn uil verde TNR kg), and the college 
© Ты te des E ere in close agreement with comparable series 
fat was im is group the sex difference in the median weight of 
&pproximatel : 2S КЕ), Percentagewise, however, the women were pron 
the fat-free y 50 % above the male. Expressing fat аз a percentage of 
guished Us in not only differentiated the sexes better, but distin 
х ew highly obese individuals whose wei i 8 
ех қ : ghiy se individuals whose w ee 
“шп their fat-free weishtl se weight of fat actually 
5. The г: : 2 
{һе e of fat weights was 2.0 to 36.0 kg, thus the ratio of 
the highest ы female to the leanest was 18:1. However, comparing 
eing Жү o lowest of the fat-free weight, the ratio was far smaller 
М : in the females and 1.6-1.7 in the males. | 
- Sorting В 
0.7 kg pa the data in terms of stature groupings, а rise of 0.6 to 
е taken ; "— weight per em of stature was obtained. This may 
e Vilis evidenee that the effect of stature is not minimized by 
calculations. method although stature does not enter directly into the 
7. Rest 
> Бей ый А 
gained ка ерды: studies were conducted on 10 individuals who had 
9f fat-free ost up to 12 kg in weight. “Before” and 4 after" estimates 
Subject) = weight agreed closely with a maximum difference (in one 
8. Whi 3 kg and a mean difference of less than 1 kg. 
П * 1116 - 
tions ile emphasizing the fact that roentgenogrammetrie determina- 
agreement wi esults both reasonable and in 
with other studies, the possibility of obtaining further data 
In particular, suitable x-rays may 
letal weight as well. 


of 
body composition yielded r 
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e ET 

Provide e ad osition was suggested. 
stimates of muscle mass, and ske 
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LONGITUDINAL STUDY OF PLASMA FIBRINOGEN 
IN CHILDREN 


BY VIRGINIA E. TREVORROW 


Child Research Council 
Denver, Colorado 


LASMA protein studies are bein, 


E made on a group of 88 children 
who are seen at re 


gular intervals throughout their childhood years 
The children have been followed for varying periods of time: "I 
youngest child has been seen from age one month through three years 
and the oldest, from age 7 through 19 years, Each child lives at home 
with families which are generally of the upper middle class, and е 
brought to us for Study. At the time blood is taken, each child has 
а complete physical examination and X-ray studies of chest and sinuses: 
A history sheet is kept by the parents for the interval between examina- 
tions recording illnesses, immunizations, ete. Physical examinations 
and interval histories have been done on most of the children from 
birth but in several instances, blood work was not started until a later 
age. Dietary histories have been taken by a trained nutritionist ОП 
43 of the subjects. Determinations of blood constituents are done af 
one, two, and three months of age, then at three-month intervals 19 
three years, and at 6-month intervals thereafter. Capillary blood 1$ 
nd venous blood at later ages when = 
a readily accessible vein. Sever? 
sample of blood, including plasm? 
out technique (Hill and Trevorrow: 
enous sera, There is also а complete 
including sedimentation rate. 

In all, 2180 determinations of fibrinogen have been made. Of hse 
1663 remain as acceptable analyses made during periods of health ае 
elimination of three groups of values: (1) 409 determinations during 


proteins as separated by а salting- 
741) and Tiselius analysis on the ү 
hematological study, 


== x 


| 
] 
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о " реу ек illness, (3) 92 which we term * sub- 
е laaki 7 вий (3) 86 possibly questionable for analytical reasons. 
ie » üs determined by caleulating for each individual the 
Кюч € а a een his sedimentation rate and the salted-out plasma 
mc PE ing to the method described by Meyers (753) and dis- 
Th ie "e ЕЕЕ outside the limit of two standard deviations. 
of $35 nen that the discrepancy stas predominantly in the direction 
chilären) и : sedimentation rate (75% ш healthy and 90% of ill 
11 онтун that in 15 instances where Tiselius analyses were done, 
seditentati м = alpha-2 globulin, а fraction which does influence 
could ar E аана сі al, 53). | Since ihe cause of the discrepancy 
homai Мр ан in the majority of values in аш =. all $6 
sent сан һееп discarded. The 29 values in Group 2 repre- 
and Pi por which there were no positive findings on examination 
the rs. рен illnesses, accidents, oF immunizations reported on 
ation s history, yet the laboratory findings showed both sedimen- 
elevated th, and plasma fibrinogen and ‘or globulin to be definitely 
is чна {һе usual level and variation shown by the individual. 
although m, e that a significant event was not recorded on the history, 
and анну were checked by additional consultation with the child 
is groy өй the time of the determination. it seems more likely that 
recognize] FRAIS reaction to infection which was overcome without 
E dh hs mptoms. ‘Group 1 was chosen by an independent analy sis 
at the tien oe oer It consists of all children who are brem 
Ut not n i examination to have some inflammatory process, свеж өс 
from éd ays, associated with purulent discharge, ог who had € 
Wee, арды within not more than one week prior to examina ion. 
е he group of “healthy” determinations there 1s no difference 
ine = levels between boys and girls. E. trend oc age Б ас 
һу niit hich depicts the 25th, 50th and 75 jenem idqne = 
18 тя Тһе median level at one month is 0.205 gm/100 ce w hieh 
an y a rapid drop to a low of 0.145 gm/100 ce at 6 months 


а а rise to 0.190 011/100 сс at the limit of our age reliability at 
ы from one month through 1215 


I i MS 
n this analysis, each age group 
groups to 12 


еа: 
in iva ай from 31 to 58 individuals, with decreasing grou | 
. uals at 17 years. The lowest absolute value for fibrinogen 1s 
щу сс and the highest, 0.97 gm/100 cc. Twenty-six deter- 
m ате 0.30 or higher, two of which are over 0.35 gm/100 сс. 
T the sharp decline in the first half year, there is ап increase 


Ting 
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in fibrinogen concentration for the group as a whole up to two to three E 
years of age. We then see a relative plateau for the next two or three ~~ 
years, followed by a slow, gradual rise to 17. Whether the plateau is 
real is open to question, however, it seems to be present at each quartile 
level. The physiological significance of the age changes is not under- 


Fibrinogen 
Gm./ooce. Plasma 
„2 


.25 
.24 
.25 


+22 


50% 


25% 


Age in Years 


CHART 1. Tur PERCENTILE DISTRIBUTION or PLASMA FIBRINOGEN СохсЕХ- 
TRATION AS IT VARIES WITH AGE. 


stood and it should be mentioned that in 


dividually the children do 2% 
conform to the av 


average pattern, but deviate both in slope and in timing: ў 
Nevertheless, since the period of life Studied on the 88 subjects has not 

been identical, and we must therefore compare children seen over 
different spans of age, each value on each child has been considered 

in relation to the median trend for the entire group. 


wA 


4 
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| For each individual we have caleulated the mean and standard devia- 
tion of "healthy" values in terms of their deviations from the age 
median for the group as & whole, with {һе number of determinations 
Per child varying from 10 to 29. Тһе subjects differ in level from the 
lowest mean value of 0.059 gm below the age median to the highest 
of 0.078 gm above the median. They also differ in variability with 
Standard deviation from = 0.018 to == 0.067, which difference is not a 
function of age. The level followed by an individual does not correlate 
T the variability; that is, children tending to high fibrinogen levels 
9 not vary about their own mean values either more or less than those 
at low levels, 
ы ы question of the significance of the differences between children 
diers examined from several points of view. W ith respect to the 
тепсе in variability between individuals, Bartlett's test for homo- 
ae of variance (Snedecor, 46) on either the original observations 
indicat observations expressed as deviations from the age trend line 
Of tp, ев a lack of homogeneity of variance ata level of significance 
s than 0.001%. 
ы vA expected that the variability shown by an pig dos 
give e ed to environmental factors. 1f this be зо, our data do no 
nclusive evidence implicating factors of incidence or duration 
by ae illness, or frequency of exposure as it is aaron 
umber of siblings. There is a tendency for the least variability 
© in the first born or only child in the family. These children also 


ша T. 
the to have a less than average incidence of infection. Neither of 
[a ene relationships is significant at the 5% level. For example, 


he families we have followed each of the first two children through 
oo from age 6 months through 4 years. In 6 of the 8, the 
En Бег child shows more variability than does the first born of the 


\ г family. Ты this comparison, variability is defined as the error 
lateg Square for linear regression of fibrinogen against age as caleu- 
.p.. for each child. The probability of this distribution of results is 


144, which may indicate а relationship, but is not significant at 


Usually accepted level. 


n exact test for the significance of the differences among means 


hesis that there is no difference in 
ded alternative that the variability 
for a binomial with 


Varian have tegted approximately the hypot 
ЭЕ the Чу between siblings against the one-si 
У = 8 Younger sibling exceeds that of the older, by testing, 
* the hypothesis p = М against the alternative p» 26. 
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for the entire group of 88 children is not possible by any known 
statistical procedures unless one ignores departures from the assump- 
tions underlying these procedures. These assumptions require that 
individuals and observations be independent, that the individuals show 
equal variability, and that the observations on each child approximate 
a normal distribution. None of these, with the possible exception of 
the independence of the individual observations, appears to be true for 
our data. In addition, we have considered values in relation to the 
age trend in order to remove age, per se, as a factor. This technique 
assumes that each child follows this average pattern, which, as stated 
above, is not always the case. If we forego statistical analysis and 
examine the material graphically, we find that one child at the upper 
end of the distribution has been consistently above the group median 
over a span of 1114 years, and another child has no “healthy” value 
above the trend line over a 1015 year period, each child having been 
followed from infancy to his present age. Аз further demonstration 
of the thesis that an individual tends early in life to establish a level 
of fibrinogen which he maintains during periods of good health and 
to which he returns following elevations resulting from illness, we have 
calculated the mean healthy level for each child during his 2nd, 4th, 
and 11th years and compared these periods. Chart 2 depicts the 
relationship between the ?nd and 4th years, and chart 3 shows those 
children who were seen in their 2nd and llth years. This approach 
would seem to indicate that a level is established by the second year. 
We have next tried to correlate the ilness record in the first two 
years with the childhood fibrinogen level. Severe respiratory illness 
has been used as the measure of illness since other types of infection 
have been too uncommon to offer any reliable data. Other miscellaneous 
diseases, immunizations and allergy will be mentioned later. The 
presence or absence of siblings has been considered since their presence 
is believed to increase exposure to infections. One half of the group 
(48 children) with higher childhood fibrinogen levels have a history 
during their first two years of 36 acute upper respiratory infections with 
fever compared with 28 infections in the half with lower fibrinogen 
levels, several in each group having no infections other than a mild 
runny nose during the two year Period. For those children having older 
siblings, 27 with high fibrinogens show 93 infections and 22 children 
in the low group suffered 19 infections, А similar study was made ©: 
the health history during the first six years of life for all children who 
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have r . 
Senin кир this age. The results are summarized in table 1. Неге 
kua 4. requency of infection does not vary with the fibrinogen level. 
» the frequency of infection does not appear to be a determining 


factor j 
Or in setti RR 
etting the fibrinogen level, and conversely, the fibrinogen 


Gm./100cc. Deviation from Trend 
Second Year 
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Gm. /100сс. Deviation from Trend 
Fourth Yeor 


тине SEcóxp YEAR оғ LIFE COM- 


Сн 

ART 

P 2. " 

Авы FIBRINOGEN CONCENTRATION IN 
uRTH YEAR. 


1 P Wirt тик VALUE ox тив SAME INDIVIDUAL IN THE FO 
eve] 
| ea time of exposure to disease does not alter the frequency 
tion of on. Similarly there is no correlation between the mean dura- 
Shown ; Tespiratory infection and the healthy level of fibrinogen, as 
noo, A table 2. It is apparent that the pre-exposure level of fibri- 

ears no relation to the course of the disease. With respect to 
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Ст./100 cc.Deviation from Trend 
Second Year 
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CHART 3. FIBRINOGEN CONCENTR. 
PARED WITH THE VALUE ON 
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сути YEAR. 


TABLE 1 


Number of children Showing indicated frequency of severe respiratory illness 


during the first siz years of life. 


HIGH FIBRINOGEN 


LOW FIBRINOGEN 


Older 


Older 
lst sibling (s) Ist  sibling(s) 
born in family born in family 
Three or more 
illnesses T 14 10 18 
Less than three 
illnesses 8 7 


10 


= 
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childhood diseases and infections other than respiratory, the high and 
low fibrinogen groups are equally divided with 29 of 44 children in 
each group free from these infections. Definite allergy was present 
in 28 of those with high fibrinogens and in 26 of the low group. Our 
Subjects offer no opportunity to study the effect of immunization, since 
only three children are known to have received no immunization during 
the first two years. 

In addition to the differences between children in level and vari- 
ability of fibrinogen during health, there also seems to be a difference 
in their responsiveness to illness. Оп 17 occasions an infant was seen 


Within 7 days of D.P. T. immunization. In 12 of these, the fibrinogen 


TABLE 2 


Number of children showing indicated mean duration of severe 
respiratory illness during period of study. 
loe н 


HIGH FIBRINOGEN LOW FIBRINOGEN 


Duration average 


or above 17 19 


Duration less 


2 
than average 23 20 


VAS at ог above the level of plus three standard deviations from the 
child’s healthy mean value; in three, the level was plus two standard 
deviations, and in the other two, there was no significant fibrinogen 
‘Nerease, Among older children, one boy was seen between 6 par 19 
Years of age with pink eye on one occasion and twice within ? days 
i ап upper respiratory infection with fever. In all three eer 
^ fibrinogen rose to “above the plus three standard deviation pe 
: Contrast, another child between the ages of three and 8 тан na 
Ені eye with no response and was seen on 4 occasions within 7 у 
an upper respiratory infection with fever. showing no response E 
Тее of the 4 illnesses, If one considers this apparent pF h 
responsiveness in relation to the health history, one again finds no 
orrelation, For example, 10 children who have always Е = 
i4 ied fibrinogen following infection are compared with a e n 
Vho have not shown such an elevation and who have A E the 
ка at least two occasions when such a response was н sinn al 
Ponsive group, 60% have average ОГ less than averag 
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respiratory infections while in the non-responders, this is 581506. The 
responding group have a mean duration of illness of — 0.03 days from 
the average for all children whereas the non-reacting group average 
— 1.16 days but deletion of one child with 11 short, treated illnesses 
changes this mean value to + 1.00 day. 


Тһе 43 children on whom there is an adequate dietary study show 


Mean Fibrinogen 


Younger Sibling 
*.08 


7.04 


7.06 


-06  ..04 


"02 00 4.02 ,04 .06 408 
Меап Fibrinogen 


Older Sibling 


CHART 4. COMPARISON or Cn 


HLDIOOD FIBRINOGEN Levets BETWEEN 34 PAIRS 
or SIBLINGS IN 24 FAMILIES. 


no correlation between fibrinogen level and protein intake. Chart 4 
shows the relationship between siblings in their fibrinogen levels. It is 
of interest that the pair marked “J,” with low fibrinogens both have 2 
higher protein intake than the pair marked “ œ» who are both at the 
upper end of the fibrinogen distribution in Spite of a relatively 10% 
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protein intake as compared with standards based on a study which 
includes these 43 subjects (Beal, 53). This inverse relationship does 
not hold for the group as a whole. Ham and Curtis (738) have shown 
that extremes of protein intake can influence fibrinogen levels in a 
Positive direction, however, it should be pointed out that our subjects 
all receive a diet which is considered to be adequate: none is clinically 
deficient, and probably none has ingested protein in amounts as high 
as the supplemented diet used by Ham and Curtis. 

We believe that individuals do differ in their level and variability 
of fibrinogen during health and probably in their fibrinogen response to 
illness. Insofar as these differences have not been accounted for by 
environmental factors, as expressed in the health and diet histories, it 
Would appear that the explanation may lie in a difference in physiology, 
Possibly genetically controlled. Within our series of children there are 
24 sets of siblings, two or three in each family. Such a group is not 
Subject to any statistical proof of genetic determination ; however, that 
Such a possibility exists is demonstrated in chart 4. This chart graphs 
the older sibling against the younger child for 19 families with two 
children and 5 families with three children, giving a total of 34 pairs. 
The probability that such a distribution should result from chance 
alone is about 0.05 by either the chi square test or the corner test of 
association (Mood, 50). It would appear that families, Lol some 
stances, do tend to show an intra-family similarity in the flbsinogen 
evel of the children, and do show real differences between — 
If families are different, then our view that individuals within the je 
Population show real differences, is further substantiated. Ав an 
Individuals, the families who are distinctly high (upper шн v 
9 not show a consistent difference in health pattern from those e 
Who are distinctly low (lower two families). Within к paci 
Which tend to show sibling similarity at the extreme levels, E io: 
stories within any given pair of siblings are often quee TM F iant 
xample, one family with low levels shows the older boy with 5 signifie: 


illness A д -erage duration 4 days longer than that 
а т ТӘ Quant, vii du ЭТЕМЕ has had 8 significant ill- 


Or the gr le: the younger boy 

nesses Баш ө) бй э each has been of shorter than average eos 

tion, Both boys ате allergic. In а family with high levels, the о er 

811 has had 8 illnesses in 7 years, with a mean duration one day ne 
> average, while her younger brother had only one P in 5 on 
Mt that was of long duration. Only the younger child is allergic. 
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intra-family relationship does not result from similarity of m 
environmental factors, and may therefore be of genetic agrum ^ ^ 
'The genetic control of fibrinogen synthesis has been. discussec к. 
many workers in relation to those cases where the level is low eet 7 
to interfere with normal clotting. А bibliography to this pape ч 
presented by Graham (756). The present longitudinal study of fi ae 
nogen might indicate that genetic control exists within the * norma 
range of values as well as in the abnormal case of afibrinogenemia. 


SUMMARY 


Plasma fibrinogen has been determined in a group of 88 children 


who were followed longitudinally over a period of several years. Physical 


examinations including x-rays have been done on each child from birth, 
complete health histories are available on 86, and records of dietary 
intake on 43 of the subjects. Complete hematological examination 
including sedimentation rate was done on each blood sample. Оле 
thousand six hundred and sixty-three fibrinogen analyses were done on 
the children during periods of health with the number per child varying 
from 10 to 29. 


Тһе level of fibrinogen changes with age. These changes are described 
for ages from one month to 17 years. x 

Individuals differ from each other in their level of fibrinogen, ы 
their variability, and possibly in their fibrinogen response to apt 
These differences show no correlation with frequency or duration 9 


infections, sibling position in the family, or protein intake. . 
Тһе level of fibrinogen does tend to be similar within the children 
of some families. 


А ге not 
Insofar as known environmental factors have D 


correlated with the fibrinogen level, it may possibly be genetically 
controlled. 
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BOOK REVIEWS 


A Symposium on the Chemical Basis of Heredity. Sponsored by the 
MeCollum-Pratt Institute of the Johns Hopkins University with 
support from the Atomic Energy Commission. Edited by W. D. 
МсЕтжоу and BENTLEY Grass. The Johns Hopkins Press, Balti- 
more, 1957. xiv + 848 pp. $12.50. 


This volume consists of papers and discussions presented at a sym- 
posium held at the Johns Hopkins University June 19-22, 1956. ‘Those 
who attended this or any of the previous symposia, or read the 6 volumes 
of the proceedings, will not need to be told how valuable and stimulating 
is the product. Those unfamiliar with the series should be informed 
that this is an important book. 

The book is divided into 8 sections. The titles of the first 7 sections 
are: Cellular Units of Heredity; Role of the Nucleus; Nucleic Acids 
and Associated Substances in Cell Division and Protein Synthesis; Nu- 
cleic Acids as Transforming Agents; Viruses as Bearers of lleritable 
Characteristics; Nucleic Acids—Chemical Composition and Structure; 
Synthesis of Nucleotides and Nucleic Acids; and Mechanism of Dupli- 
cation. A section generally contains about 6 papers, plus one or more 
discussions, although the seventh consists of but two papers. The eighth 
and last section is a summary by Bentley Glass (77 pages). 

The authors and editors have given us a very useful and dynamic 
presentation of our present knowledge of the chemical nature of the 
basic genetic material, the way nucleic acids may control their ow? 
autoduplication and the synthesis of proteins, and much else besides. 
Merely from the list of topies covered it is apparent that the result 18 
а valuable summary of contemporary work in several related fields which 
together constitute a subject in which, one cannot help but believe, 2 
decisive break-through is to be expected in the near future. As a basis 
for the understanding of this advance, this volume may well be indis- 
pensable. In the meantime no scientist interested in the problem of the 
chemical basis of heredity will want to be without the book. It should 
be said, however, that this is not an ideal introduction to the subject 
for the beginner, since the authors, being authorities in their respective 
fields, and speaking primarily for the benefit of their colleagues, devote 
little time to elementary introductory matters and generally plunge 1D 
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mediately into а presentation of their own contributions and ideas. А 
кені study of the summary might help somewhat to remedy this 
relatively minor drawback, but on the whole the non-specialist should 
take up the Symposium realizing that he may find parts of it hard going. 

Fifty-six authors were responsible for the papers presented, and this 
Seems too long a list of names to give here: they are all outstanding 
Workers in the fields represented, mostly Americans, naturally, but 
including some distinguished investigators from abroad. It would be 
Invidious, and not a little difficult, to single out any particular paper 
Or papers as the best or most important. The interested reader will 
Want to read them all. 

There is an author index, a subject index, and a list of additional 
Participants, 

ҮпллАм C. Воүр 
Boston University, 
School of Medicine, 
Boston, Massachusetts 


I s " 

Mmunology and Serology. By Рнилр L. CARPENTER. viii + 351 pp. 
W. B. Saunders, Philadelphia and London, 1956. 56.50. 

Bloog Group 


Е Substances; Their Chemistry and Immunochemistry. Ву 
D 
LVIN 


A. Kasar. іх -- 330 pp. Academic Press, Inc. New York, 
1956. Price 88.00. 


These two books are almost exaetly the same size, they were published 


iig, the same time, and they deal with closely related subjects; yet in 
can ment they differ almost as widely as two serious scientific books 
the ү т. Carpenter writes as a teacher ; he leads us painstakingly through 
Ways ү field of immunologieal knowledge over carefully graded high- 
Ў > Dut it is only from a distance that we are allowed to see, dimly, 
as a orderland of existing knowledge. Dr. Kabat, on the other hand, 
Pioneer investigator, leads us very rapidly over the long-established 
bos tight to the incompletely surfaced roads which border the 


Т. Carpenter’s book is carefully written; unlike the authors of so 

Y modern text books he has thoroughly assimilated and co-ordinated 
book himself before setting them down. In so far as T can judge a 
at deals mainly with matters outside my own specialty, I think 
"commend it as a sound introduction to immunology and serology. 
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A glance at the references, however, shows that few of them are dated 
later than 1950; and several important recent developments in immun- 
ology are mentioned only briefly or are omitted entirely. 

On the use of precipitin reactions in the taxonomic classification of 
animals one would have welcomed some account of the work of Weitz 
and of the more recent developments in the work of Boyden. The descrip- 
tion of the serological classification of plants is most welcome, as it 18 
not generally known, but some mention should haye been made of the 
presence of specific hemagglutinins in the seeds of many plants. 

In the description of the human blood groups scarcely any mention 
18 made of the vast amount of work done in the past 10 years: char- 
acteristically, the one specific recent discovery mentioned is the intro- 
duction of a technique, that of enzyme treatment of red cells to promote 
agglutination. The account of the anthropological application of blood 
grouping is completely out of date. 

No mention is made of the existence of specific blood group hemo- 
lysins in the serum of various species of mammals including man; We 
are not told that most cattle blood grouping tests are carried out by ? 
lytic technique, nor of the first discovery of iso-immunisation by Ehrlich 
and Morgenroth in goats which involved the production of such lysin* 
and was made within a few months of the discovery of the human blood 
groups by Landsteiner. | 

The most serious omission of all, however, is that of any mention oí 
acquired immune tolerance. The development of the subject is admitted- 
ly recent, but blood group chimeras have been known in cattle since 
1945 and in man since 1953. 'The literature of acquired tolerance to 
tissue grafts is already extensive and is leading, in the hands of such 
workers as Burnet and Medawar, to a fundamental transformation and 
enrichment of the whole theoretical background of immunology- The 
former of these has introduced the idea that the organism recognize? 
certain immunological markers which tell it whether a substance 18 
‘self? or ‘not self’; it tends to make antibodies to the latter. If, POW- 
ever, à foreign substance is introduced to the organism at & sufficiently 
early stage of the latter’s development, it becomes accepted permanently 
as part of the ‘self? This suggests that the ability to distinguish dd 
‘self’ is actively acquired and not passively inherited. 

No misprints have been noted in the text. Among a dozen reference? 
checked, one numerical error was found, and the author and printer 
have failed before the shibboleth of the name ‘Ingebrigtsen? This ^ 
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the fourth work in which 1 һауе come across references to this author, 
and in every case his name has been misspelled. 


Blood Group Substances is a much harder book to read but much 
more rewarding to those who make the effort. Dealing with a narrower 
field, it does so in a very thorough manner; the literature up to the 
beginning of 1955 is covered with admirable completeness, but the book 
18 по mere catalogue of publieations—every fact is clearly and concisely 
related to the whole field. There are over 1,200 references ; those checked 
Proved correct, 

"ES - chapter is a higly concentrated but remarkably complete 
№ m PEREAT knowledge of the blood groups, especially those 
ing: үз ж, sem describes standard techniques used in blood group- 
of the у р воще of the ШЕШЕП» used in investigating the structure 
Most of ти р substances. The ground of the first chapter and 
ұғы " second is already covered by other books but it is useful 
йр io AR brought ШЕЕ here as an introduction to the 
om her part of the book. Subsequent chapters deal with the 
mae blood group substances, their purifi pation, their chemical 
ber e апа immunochemical characterization, and differences be- 
describes снн from different animal species. А long chapter 
һаув - "Hos produced by various reagents, and the attempts which 
Another ees ыы determine the precise structure ot the substances. 
antigens ме 4 the blood group antibodies, their reactions with the 
With the il reir biological effects, and the last deals in a broad way 
last cha Praes i significance of the blood group substances. This 
but e "a 15 of greater general interest to biologists than the others 
Бопе Bate, Я be understood without some knowledge of what has 
те. 
т blood group sub 5 ; play h more important part 
™ the schem = up su stances clearly play а шие | more importan par 
On] € es of living things than is implied by their name. Considering 
Variety б abes of the ABO system, in man they are present ina 
In the ж issues and, in most people, are poured out in vast quantities 
tis Nes 4 ‘cous secretions. Similar substances are found in the red cells, 
Yelato m Secretions of many, possibly all, vertebrates, while closely 
bacteria ^ iun аге present in certain plants, and in the capsules of 
ШО d Antibodies which react specifically with the blood group sub- 
Щщ ex neo not only in human and other mammalian sera but also 
0 8 from the seeds of a variety of plants, mostly leguminous. 
Owledge of the composition and structure of the blood group 
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substances is mainly due to the work carried out in the A 
the author, and in that of Professor W. T. J. Morgan in London. E 
residues, consisting of monosaccharides and amino-acids which go = 
make up the complex molecules, are now almost completely known hes 
& beginning has been made in elucidating their arrangement, — 
in that part of the molecule which determines their specific serologi 
rties. 
dus do not know the function of these remarkable substances, ipe 
the differential incidence of certain diseases in relation to башт 
groups must be an important clue. Тһе author mentions а similari y 
between the blood group substances, and the intrinsic factor which is 
deficient in the gastric secretion of cases of pernicous ane 
book went to press a statistical excess of group A individuals has кї 
found among sufferers from this disease. Several other substances P 
physiological importance, such as chorionic gonadotrophin, show chemica 
and immunological resemblances to the blood group substances, the 
study of which may help to reveal the function of the latter. 

Another outstanding problem is that of the mechanism whereby the 
blood group genes determine the complex chemical structures of the 
corresponding substances, but there are indications that the Н substance. 
found mainly in the secretions of О persons, is a basic molecule upon 


which the A or the p « stamp ? may be impressed by the corresponding 
gene. 


mia: since the 


To all those who are interested in s 


erology and possess a basic knowl- 
edge of organic chemistry this book с 


ап be strongly recommended. 


A. E. MOURANT 
Blood Group Reference Laboratory, 
The Lister Institute,, 
London, England 


Human Ovulation and Fertility. By Epmonp J. Farris Philadelphia: 
J. B. Lippincott Company, 1956. $6.50. 

In this book, Dr. Farris ex 
and from it the infertile couple 
fulfillment. 

Because “ normalcy,” 
revealed by the histories 


presses the commendable hope that ү 
Vill be helped to attain the joy of family 
& evidenced by the absence of obvious faults 8$ 
and examinations of both the man and woman, 
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does not of itself assure the success of a mating, and because the human 
Species does not exhibit oestrus as one recognizes it in many other 
mammals, the author stresses the proper timing of coitus as a matter of 
Primal importance. He briefly alludes to the several conventional criteria 
of ovulation and then goes into considerable detail over the rat-ovary 
hyperemia test with which he has had rather singular success in estab- 
lishing the fact and time of ovulation in women. 

Excellent correlations are described between the hyperemia test and 
the appearance of the ovaries, notably the follicles and corpus luteum, 
and of the endometrium as revealed at operation. Interesting to note 
Was the measured increased amount of voluntary muscular activity at 
the time of ovulation, a phenomenon commonly observed in domestic 
animals at the time of oestrus. The hyperemia test is dependent on 
the close adherence to essential precautions. Rats of a specified strain 
are required. Positive or negative results are based on color changes 
Induced in the ovaries in response to the injection of urine at different 
Phases of the menstrual cycle. The rats must be killed with illuminating 
Баз of а Special eomposition, and the ovaries must be inspeeted under 
Specia] lighting conditions. Resultant degrees of redness are compared 
ham of the Munsell color chart. That the test ean be read within 

irs after the injection is an obvious point in favor of this method. 
Ter. author's experience the high incidence of conceptions resulting 
Ке the } ated coitus based on proper timing, which in turn was based 
lyperemia test, would bespeak of the advantage of the method. 
peg to the data, 92% of the conceptions occured between days 
emplo of the menstrual cycle. When artificial inseminations were 
359, Уеа on the alleged days of ovulation, based. on the hyperemia test, 
of the 100 conceptions followed single inseminations—a truly 


rem : is 
to arkable achievement. Many clinicians would, however, be opposed 


. e author's 


Stil method of injecting the semen into the uterine cavity. 
pre l more extraordinary is the assertion that 96.5% of the women become 
5 


nant by the 3rd homologous insemination, and 73% by the hetero- 


lis Sus Procedure. It would be of interest if other workers could accomp- 


iets Successful a feat. Dr. Farris states that the average length of 
ца] cycles is so constant that only three consecutive cycles are 
rom a practical standpoint to establish a pattern. This con- 
inharmonious with the incidence of failure, i. e., the large 
D ыра of unwanted pregnancies which result from the employment of 
Thythm ? or the so-called “safe period "—evidencee of variations 
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in the cyclic patterns which the experienced obstetrician will attest. 
This being so, one questions the practical advantage of employing the 
hyperemia test when simpler methods for timing ovulations are available. 

While one admits that the functional life span of the unfertilized 
egg is brief, this fact hardly warrants the recommendation that coitus 
should occur at a specified hour by day or night to be successful, save 
in the woman of greatly diminished fertility. Elsewhere the author 
offers practical hints for improving the pattern of ovulation. "Тһе familiar 
advice of adjusting the basal metabolic rate is again given. However, 
the great benefits claimed of pituitary irradiation has just as ardent 
opponents. 

АП in all, this book offers some practical advice helpful for the 
couple which desires to achieve a pregnancy. The reviewer feels that 
the author has had truly unusually good fortune in the treatment of 
infertile couples, but feels that some of his several formulae are over- 
simplifieations of the very complicated problems of fertility. Important 
as is the timing of ovulation, the realms of endocrinology and other 
environmental factors of the reproductive tracts of men and women do 
not receive the attention they warrant, but perhaps Dr. Farris's main 
objective was to emphasize the merits of his hyperemia test. 


W. T. РОМЕВЕМКЕ 
University of Rochester, 


Rochester, New York 


Life Tables From Limited Data. By Grorcr J. SrornwrTZ. 164 pP- 
Office of Population Research, Princeton University. 1956. $4.00. 


This book contains an exposition of the methodology which the author 
has developed for constructing life tables when primary reliance has to 
be placed on information obtained in a single census. Conventionally, 
life tables are based on age-specific rates derived from population and 
mortality data by age. There are circumstances, however, when data 
on deaths by age are not available or are of doubtful validity and substi- 
tutes for them can not be derived from successive censuses. The single 
census methodology probably has greatest application in underdeveloped 
areas having only scattered censuses, In addition, several potential 


applications of life tables based on the Single-census approach are listed 
in the final chapter of the book, 


- 
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After briefly discussing the plan of the book in Chapter 1, the author 
presents in Chapter 2 the general analytical scheme for constructing 
life tables from a single census. Of foremost importance to this scheme 
is the development of formulas for computing age-specifie survival rates. 
These formulas require a knowledge of the comparative experience of 
successive pairs of age groups. It is significant that they depend on ratios 
rather than frequencies since the former are much easier to estimate 
than the latter. Even so, estimates of birth survival and population ratios 
for successive pairs of age groups would rarely be available directly for 
areas utilizing the single-census approach to compute life tables. The 
discussion in Chapter 3 relates to problems of estimating birth and 
Survival ratios by indirect means involving the use of substitute data 
provided by other areas having similar demographie characteristics. The 
discussion in Chapter 4 relates to methods of adjusting the population 
ratios so that they correspond to the birth ratios and are free from 
the effects of past migration. . 

It is basic to the author's approach that sufficient safeguards exist 
to insure the rejection of life tables when the single-census approach 
Produces intolerable errors. In Chapter 5, he presents some guides for 
detecting major inaccuracies in the age-specific rates from a knowledge 
Of the typical variations in these rates between the sexes and by age 
The results of an empirical test of the single-census approach are dis- 
cussed in Chapter 6. Forty-seven life tables were prepared for popula- 
tions representing a variety of statistical and demographic circumstances 
for which conventionally computed life tables are available. The author 
Concludes that most of the estimates of survival rates erred by less 
than 2% at ages under 50 years and that beyond age 50, the pis 
"ange of errors tends to increase with rising age to about s and 100 
at ages between 60 and 70. Estimates of the average duration of EA 
Pebween 9.5 and 67.5 years in these experiments fall within 5 їй 6% 
9f the correct values and all but а small minority fall within orc 

Two new life tables for the American native-white КЕР текті іп 
1890 and the native population of Brazil about 1940 ae adaptation 
„Маріо 7. The chapter contains а detailed m pie adequate 
mo d nile — approach н пее bajos quami in estimating 
‚Чу data and presenting very €! : order to compute age- 
bad Survival and population ratios needed in order 
“Pecific Survival rates. ructin 

In summary, the author has formulated an approach for constructing 
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life tables which should prove useful in many apap 
mortality data for the population groups under study are Es ss 
are inadequate. He has indicated that this approach which p s зі 
mary reliance on information found in a single-census 2" oa 
duces usable statistics. Moreover, he has provided a system 9 ^ 
and indirect checks to insure the probable rejection of the life у - 
results when they are prone to excessive errors. Тһе author has E 
his job well, and he has provided the potential appliers of this metho 
ology with an excellent reference book. 


Мохкок G. SIRKEN 
Actuarial Analysis and Survey Methods, 


National Office of Vital 


Statistics, 
Washington 25, D. C. 


Tobacco Smoking Patterns in the U nited States. Ву Үплллм HAENSZEL» 


MICHAEL В, Өнімкім, and Herman P. MILLER. viii + 111 рр: 
U.S. Public Health Monograph No, 45, Washington, D. C., 1956. 
$0.60. 


Smoking has a variety of aspects that are of biological and medical 
interest and Significance, 


The present Monograph provides a compre- 
hensive documentation and analysis of smoking patterns in this country- 
The primary data for this Survey were provided by a supplement to 
the Current Population gu 


Was conducted during day-time, 
t at home, self-response rates j^ 
idity of the history data for “oe 
П to some question; mero 
consistent underreporting of e 
The extent to which bias is carrie 
OTs as ABe-started-smoking and age 0 
d. Use of the basic American Cance" 


men fell as low as 58 Percent. The ya] 
not responding for themsely 
on some variables indicate fairly 
occurrence of the smoking Practice, 
over to estimates of such fact, 


es is оре 
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Society questionnaire, with small improvements designed to reduce 
ambiguity, provided needed continuity with other work that has been 
done. 

The monograph includes a complete appendix with detailed cross- 
tabulations. An addendum by Milmore and Conover gives a concise 
picture of the history of the use of tobacco in the United States from 
1880 to 1955. Although the primary use of the data may be epidemio- 
logical exploration, other uses suggest themselves. The data provide the 
basis for selection of stratified samples for study of particular smoking 
patterns. For example, if one wished to study multiple smokers, these 
data would show in which population groups multiple smokers are most 
Prevalent. It is hoped that social, as well as biological medical scientists, 
Will find this a useful source of documentary information and of further 


research problems. I. S 
Davip M. SHaw 


University о] Minnesota, 
Minneapolis, Minn. 


Toward a Unified Theory of Human Behavior. Edited by Вох R. 
Grinker and Heres MacGinu Hucurs. xv--375 pp. Basic 
Books, New York, 1956. $6.50. 


As more and more fields of scientific enquiry split off from philosophy 
after finding each its own way of studying experimentally an aspect 
ч the universe, each їп turn goes through a. period in which philosophy 
18 regarded with disdain and suspicion. As the time required to learn 
the techniques peculiar to the young but growing science increases, the 
time for broader education (which might include philosophy) decreases 
and the specialization becomes deeper but narrower until finally in 
many areas technical skills threaten to predominate and contact is lost 
“ith the larger issues. | | . 

Every now and then better minds revolt against the isolation and 
."a&mentation imposed by this specialization of science and an attempt 
S made to regain an overall view. Such a revolt can take many forms: 
ап individual scientist can turn philosopher and write about matters, 


Strictly Speaking, outside the domain of his special competence. The 
Quality h that we enjoy reading the products 


of hi i i , l 
his mind is usually suc лей, Alesis Carrell, 


his leisure ti inks of 
sure-time thought. One thinks o А 
ах Born, Fulton and nang others. At other times an attempt is made 
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to build bridges between several disciplines by organizing an interdis- 
ciplinary journal such as Studium Generale or an interdisciplinary con- 
ference or symposium. Occasionally one individual works out a new 
concept which, for a time, brings several unrelated domains together. 
Selye's adaptation syndrome, Shannon's information measure, Cannon's 
homeostasis were such concepts acting in the manner of a searchlight 
directed toward a famous building: if skillfully placed, it throws new 
facets of the familiar landmark into thrilling relief. 

This reviewer missed that rare quality during the reading of Toward 
a Unified Theory of Human Behavior, an account of the first four 
conferences of a group of behavioral scientists meeting from time to 
time to search for common theoretical ground in the behavioral sciences. 
The text is not a verbatim copy of the presentations and discussions: 
but rather an extremely well edited condensation. 

The individual presentations range from compact summaries of some 
key concept to attempts to develop a hierarchy or system of concepts: 
Each speaker seems to have expected on the part of the other participants 
a great deal of familiarity with the ideas he presented. Not a single 
paper could stand on its own as an inttoduction to a theory of behavior 
or to a field of research, as was done in the 1952 Oxford Conference 00 
Mental Health (Prospects in Psychiatric Research, J. M. TANNER, ed.» 
Blackwell, London, 1953) or the early Josiah Macy symposia. 

Perhaps the paper by Laura Thompson who sketches how anthro- 
pologists are struggling to find a culture concept which will unify them 
or Florence Kluckhohn’s summary of 5 key problems to be solved 10 
any Weltanschauung come closest to giving a completed whole. Roy В. 
Grinker, John P. Spiegel, and David Shakow each in turn indicate some 
analogies between psychological and group phenomena while Jurgen 
Ruesch reviews some concepts of communications theory as does Kar 
Deutsch. | 

Taleott Parsons introduces 4 laws from his general theory of acti 
and mentions the problem of the relation between the small pons 
and the larger social system. Jules Henry develops some бе 
tive equations to describe relations between reward and punishmer 
and between psychological commitments and fulfillments. James Toma” 
reviews some of the multiple origins of the uniqueness of human eg 
and discusses the complementary roles of stability and adaptation d 
dynamic reciprocating mechanisms in the service of evolution. р 
Emerson underlines the fact that homeostasis is compatible wit 


ops 


or 
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may even encourage increase i ;abi 
ене Aorere (Шлакты in variability whereas Anatol Rapoport 
Id nits nt узшу тош the vantage point of mathematical biophysics 
,.. m of statistical boundaries. 
concept and, зеді ^ m for a place for the culture concept and field 
of growth and : Pr enging of all, for the inclusion. of the concept 
a. 3 ividual development within the unified theory. It 
м са pie the discussion became the most зане and 
V DE ok ле I: was first conceived of testing the applicability 
deni A б iim from the study of biologieal heredity to theories 
cd шш tee ha which led later on (after further discussions 
‘ison ene c ed Advanced Study in the Behavioral Sciences) 
incar ік vx brew by Gerard, Kluckhohn and Rapoport on analogies 
8-34, 1986); "a bv cultural evolution > (Behavioral Science, 1(1): 
babere Ё met nich also led to a series of experiments at Michigan 
is iet ams s em solving 5 culture ? jn small groups with continu- 
ШЙ xim ye of individuals, imitating on a small seale the gene 
Henn қа а independence from particular individuals. 
abhi фо гаид и ita volume will vary. Some individuals may not be 
dis а reading it, while others will praise it highly. In taking a 
position let us summarize some of the criticisms first. 


8. Thera. 5 ; 
We Pap ta кс too mue display of the qualities exposed by 
and related агын, e" if book Hada and foibles in modern sociology 
and misuse of же А; NAP À 1937) : lack of modesty, lack of clarity 
b ine ) = tot the physical sienas. 
ee = ees in some discussions a lack of elementary train- 
philosophy as, for instance, when structure and function are 


confus 
sed or — e us 
more seriously when the word “system” is simultaneously 


Used ; 
1n at least қ "T d 

at least three distinet meanings: 1. an interrelationship between 

2. a model of such 


Consti 
ituer i 
à relatio, i of a cell, organ, individual. or society ; 2. 
" . ; 
М Ship; 3. a general theory about such models. 
ation do not succeed 
y intelligent 


Ing 


^ Grinker's > 

in pullin nker’s able summaries after each present 

Conve. 5 together what are essentially no more than highl 
стза отв. i 

cultural” snobbery as when 


d. т 4 
There 15 frequently а display of “ 
1” are used without 


Curr 
ently а 
Y fashionable terms such as ^ transactiona. 


elaborat: 
: go) or clarification. 
Partly i: spite of the careful editing there remains much repetition, 
e to the fact that the reader gets in one volume what those 


atten din 
spaced installments. 


8 the conferences got in 4 widely 
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Some of the criticisms are patently unjust because they confuse 
intention and result. It can hardly be expected that a group of indi- 
viduals meeting only for brief conferences will produce philosophically 
sophisticated and technically complicated supertheories ad hoc. It will 
take prolonged efforts and much ingenuity and enthusiasm to ‘succeed 
in such a task. Most of these men are very busy. It may be necessary 
to create special niches for individuals who have the inclination and 
show promise of developing the ability to compare and integrate con- 
cepts from different disciplines. Certainly philosophy and logic should 
be part of the training of such individuals. In the meantime inter- 
disciplinary groups such as this one can make a good start in clearing 
the ground of dead wood and rotten stumps. 

The self-criticism, common sense and contagious enthusiasm of this 
group is evident. A new quarterly journal “ Behavioral Science ” and 
a new “Society for the Advancement of General Systems Theory ” are 
continuing the search. 

Sreven G. VANDENBERG 

University of Michigan, 

Ann Arbor, Mich. 


Interpersonal Diagnosis of Personality. Ву Тімотнү LEARY. xix + 
518 pp. New York: Ronald Press, 1957. $12.00. 


In our modern “ dynamic ” age the simple question, How is person- 
ality to be adequately described ?, hides a complex web of problems: 
The need for an evaluation of unconscious motivating forces on the 
one hand and the potentiality for quantification on the other has been 
the focus of much discussion. The system of description presented m 
this book offers a constructive approach to these problems. It 18 в 
multi-level system of description, including the levels of concrete be- 
havior, conscious perceptions, and unconscious forces. The data obtaine 
is analyzable qualitatiyely as well as by standard statistical techniques: 
Levels are defined separately; the uni-level ratings are then fitted into 
a pattern which reflects the interplay among the levels. 

It should be noted that the Interpersonal Diagnostic System 7 
“diagnostic ” because it grew out of a clinical situation. The book; 
though concerned with interpersonal behavior “ primarily ав expresse 
and observed in the psychotherapeutie setting,” presents а general P 
of description designed to be applied to the description of people à 
any and all settings. 


is 
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The book is divided into 5 parts. Part I, entitled, * Some Basic 
Assumptions about Personality Theory,” is an interesting, but somewhat 
loose and over-extended presentation of the major theoretical sources 
of the System, principally the work of Harry Stack Sullivan. Leary 
refers to his approach as “dynamic behaviorism ” and at one point 
defines, “ The interpersonal factors of personality are those conscious 
9r unconscious processes which people use to deal with others and to 
assess others and themselves in relation to others. The aim of inter- 
Personal machinery of personality is to ward off anxiety and preserve 
Self-esteem.” 

Part II, entitled, “Тһе Interpersonal Dimension of Personality: 
Variables, Levels and Diagnostic Categories,” presents 5 “ levels of 
Personality,” each level defined in terms of operations which produce the 
Pertinent data, То this reviewer this section contains the most significant 
theoretical-functional contribution. 

Part IIL presents “Indices of Variability,” by which conflict is 
measured through analysis of interlevel discrepancies. The variability 
‘dices are not described in detail nor is their “ validation and clinical 
‘pplicability " included in the book. 

, Part IV and V offer concrete illustrations of the application of the 
ystem : first, its use in clinieal diagnosis; and second, its application 
to hospitalized psychotics, psychosomatic types, group dynamies in in- 
stria] groups and interpersonal dynamies in group psyehotherapy. қ 
tls he use of operationally defined “levels of personality; epis 

E the same frame of reference, seems to be the most exciting aspec 

9f the System. The three most important levels are: 


I The level of Public Communication, which consists of the overt 
behavior of the individual as rated by others. (In such situa- 
tions where “ Others” are not available Leary has applied the 
MMPI to obtain Level I deseriptions.) | 
The level of Conscious Communication, which consists of the 
Subjeet's reported percepts of himself and his interpersonal 
World. 
The level of Private Communication, 
Projective, indirect fantasy productions of а 
Personal self-image and a symbolic world of “ 
Ove Right generic ways of interaction have been isolated for use as the 
“all variable system. They are: (1) Managerial-Autocratic, (2) Com- 


п 


= which abstracts from the 
subject an inter- 


others.” 
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petitive-Narcissistie, (3) Aggressive-Sadistic, (4) Rebellious-Distrust- 
ful, (5) Self-Effacing-Masochistic, (6) Docile-Dependent, (7) Coopera- 
tive-Overconventional, and (8) Hesponsible-IIypernormal. ‘These are 
organized in a circular continuum, in which all the interpersonal vari- 
ables are systematically related to each other, and of which the major 
axes are love-hostility and dominance-submission. Any sample or group 
of samples of interpersonal behavior can be classified through the use 
of this circular matrix. 

A simplified illustration of the system's use and potentiality may be 
offered here. A person may be described as extremely dominant by 
those who know him and may see himself in the same way, whereas his 
fantasy heroes are largely passive. The multi-level numerical descrip- 
tion of this individual would be 1-1-5, and this can be presented graphic- 
ally as well on the basic circle; the ease of classifying people by má 
use of this numerical diagnostic technique is striking. Qualitatively; 
the conflict between the person’s conscious and unconscious views of 
himself is extreme. Additionally, he is consciously aware of how he 
is seen by others. 

The presentation of the system is functional. The data for Levels I 
and II are obtained by the use of the Interpersonal Adjective Checklist 
and for Level III from tests of fantasy such as the ТАТ. This data 
is easily obtained; test administration, scoring and rating can be done 
by non-professional, well trained technicians, The book, with the addi- 
tion of a manual entitled, “ Multilevel Measurement of Interpersonal 
Behavior,” contain all necessary instructions for the use of the syste™ 
and much data is offered on varied groups that have been studied 8 
the Kaiser Foundation. 

| Interpersonal Diagnosis of Personality offers а rich, promising con- 
tribution to the area of the description of people. One is impress? 
with the simplicity and freshness of its approach. But, unfortunately, 
such praise must be qualified. The system, though brilliant on its sur 
face, often has too Weak a foundation. Some parts are supporte by 
substantial research while others ате based on very little. The offering 
in book form of the Interpersonal Diagnostic System seems too ambitious 
and too early. However, the System cannot fail to be of use to scientists 
concerned with problems of description and measurement of personality | 


. Koes 
The Pinel Foundation, би 


Seattle, Washington 


| 
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Manifest. Structure Analysis. By Frank М. puMas. Pp. ix + 193. 
Missoula, Montana: Montana State University Press, 1955. $6.00. 


The author has set forth ambitiously conceived scaling objectives 
but his approach is at once hasty, unclear, and sorely lacking in empirical 
Support. The list of topics is extensive, but the treatment has that once- 
Over-ightly touch. What is most discouraging, perhaps, is that the 
Sweeping claims made are certain to attract attention and interest of 
Tesearch workers in fields and disciplines for which the methods and 
assumptions of MSA are inadequate. Less preoccupation with the search 
for а sealing panacea and more concern with presenting strong evidence 
Would make the author's position more tenable and his contribution 
More useful. 

EUGENE L. GAIER 


Department of Psychology, 
Louisiana State University, 
Baton Rouge 3, Louisiana 
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THE PERSON BEHIND THE DISEASE. By Julius Bauer. vii + 136 pp- ы 
Stratton, New York, 1956. $3.50. The objective of this book is to ela - 
on the holistic concept of the person in health and disease, based = E 
one hand on the practical appreciation of psychosomatic unity — 
the other hand, on the uniqueness of the individual, with its genetic ге ^ 

VERTEBRATES OF THE UNITED STATES. Ву W. Frank Blair, Albert P. Blair, 1 жез 
Brodkorb, Fred R. Cagle, and George A. Moore. ix + 819 pp. MeGr ә” 
Hil, New York, 1957. $12.00. The principal aim of this usable em 
is “to facilitate the identification of all known U.S. vertebrates throug” 
the assembling of taxanomic keys, check lists, descriptions and ranges- 
There is an introduction (30 pp.) and a glossary. 

REPORT OF THE MEDICAL RESEARCH COUNCIL ғов THE YEAR 1955-1956. 270 ja 

British Information Services, New York, 1957. $1.50. Informative p 

of the manifold activities carried under the Council's sponsorship 

clinical and basic medical sciences. 


SYMPOSIUM ON NUTRITION AND BEHAVIOR. Edited by Josef BroZek. 124 pps E 
National Vitamin Foundation, Ince., New York, 1957. $2.50. An E ius 
disciplinary Survey consisting of sixteen papers, plus introductory $ >ч 
ments and an epilogue, divided into four sections: Impact of diet 


man, 
behavior, Hunger and appetite, Food appraisal and acceptance by 
and Satiety and weight control. 


' “т DS. By 
WILLIAM Harvey. His LIFE AND TIMES; His Discovertes; His METHO 


Louis Chauvois. (Tr. from French). 97] pp. Philosophical age 
New York, 1957. $7.50. “ Compared with experiment, all the al 
is metaphysics and dialectic—smoke апа inanity.” This illustrates vey’s 
the author’s lively style and is а testimony of his high regard for Har 

scientific method. 


; Бул! 
GENETIC MECHANISMS: STRUCTURE AND FUNCTION. Cold Spring Harbor y 
posia on Quantitative Biology, Vol. 9]. 


абогу, Cold Spring Harbor, New York, 


sidered at the clinical, 
level. 


INTRODUCTION To STATISTICAL second 
Massey, Jr. xiii + 488 PP. McGraw-Hill, New York, 1957. $6.00. 


C. 
rles 
h Ellinger. xxxiv + 945 рр. p the 


e 
evot 
і : ns d 
18 presented in four sectio 
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to the fundamental considerations of the biological effects of radiant 
energy (104 pp.), ionizing radiations (606 pp.), ultraviolet radiation 
(65 pp.) and visible light and infrared radiation (23 pp.). 4600 references. 

GROWTH AND DEVELOPMENT OF DENTAL AND SKELETAL TISSUE—CLINICAL AND 
BIOLOGICAL ASPECTS. Edited by Samuel J. Fomon. 80 pp. Ross Labor- 
atories, Columbus, Ohio, 1956. No price. This report of the 17th Ross 
Pediatric Research Conference considers genetic, nutritional and endocrine 
factors in the “hard tissues.” 

SURVEY ор BIOLOGICAL Procress. Vol. III. Edited by Bentley Glass. 332 pp. 
Academic Press, New York, 1957. $7.50. The selected vistas of the 
biological panorama include, among other topics, embryological concepts 
in the 20th century, animal genetics, chemoreception in insects, and 
mechanism of hormonal action. 

PERSON AL. CHARACTER AND CULTURAL MILIEU. Edited by Douglas С. Haring. 
Xi + 834 pp. Syracuse University Press, Syracuse, New York, 1956. $7.50. 
Third, revised edition of papers by anthropologists on culturally fostered 
patterns of personal character. There is an introductory chapter by the 
editor and 5 contributions on how an anthropologist works in the field. 

Tug Сохсерт or DEVELOPMENT. Edited by Dale B. Harris. x + 287 pp. Uni- 
versity of Minnesota Press, Minneapolis, 1957. $4.75. The topic is examined 
by 17 authors representing a wide array of disciplines from philosophy of 
science through biology, psychology, and sociology to the applications 
in pediatries, psychopathology, social work and education. | 

ALCOHOLISM, BASIC ASPECTS AND TREATMENT. Edited by Harold E. Himwich. 
viii + 212 pp. American Association for the Advancement of Science, 
Washington, D. C., 1957. $5.75. Proceedings of а multi-disciplinary sym- 
posium concerned both with the basic aspects and treatment. | 

TRaNQuitizing Druas. Edited by Harold E. Himwich. viii + 197 pp. American 
Association for the Advancement of Science, MESA FON) D.C., 1957. 
$5.00. These are boom days for “ psychopharmacology,” the study of 
the mode of action of drugs and the effectiveness of central stimulants, 
hallucinogens and—not the least of them—the tranquilizers. The current 
VOlume ig concerned with the electrophysiological and metabolic analysis 
of their action and therapeutic uses. 7 

Новмохкв, BRAIN FUNCTION, AND BEHAVIOR. Edited by Hudson Hoagland. Vili + 
257 pp. Academic Press, New York, 1957. $7.00. The proceedings of а 
conference on neuroendocrinology, held in May, 1956, reflect the growing 
interest in the biochemical determinants of conduct. The 12 papers deal, 
from this point of view, with steroid and sex hormones, serotonin and 


the thyroid hormones. | 
Dierios ary or ScreNTIFIC TERMS. Edited by J. Н. Kenneth. xvi + 592 рр. 
D. Уап Nostrand, Princeton, New Jersey, 1957. $12.50. А well established 


member of the Van Nostrand family of scientific dictionaries and one- 


volume encyclopedias Gives pronunciation, derivation and definition of 


Some 14,000 terms used in the biological sciences. 
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HORMONAL REGULATION OF ENERGY METABOLISM. Edited by Laurance W. Kinsell. 
xiii + 242 pp. Charles C. Thomas, Springfield, Illinois, 1957. There are 
8 papers by outstanding workers in the field, including a communication 
on pituitary growth hormone, and extended discussions. 

THE PHYSICAL GROWTH OF CHILDREN: AN APPRAISAL ОҒ STUDIES 1950-1955. By 
Wilton Marion Krogman. iii-- 91 pp. Child Development Publications 
of the Society for Research in Child Development, Purdue University, 
Lafayette, Indiana, 1956. Хо price indicated. Ап indispensable vade- 
mecum presenting 1) a digest of data, 2) a critique of trends and goals 
and 3) a fairly omnivorous bibliography. 

PSYCHOLOGY, PSYCHIATRY AND THE Ровілс INTEREST. Edited by Maurice H. 
Krout. xv 4-217 pp. University of Minnesota Press, Minneapolis, 1956. 
$4.00. Assembly of papers, largely prepared especially for this volume, 
and of statements of policy dealing with the role of clinical psychology 
and its relation to psychiatry. 

THE CONTROL оғ THE CIRCULATION OF THE BLOOD: SUPPLEMENTAL VOLUME. By 
various authors. Arranged by В. J. S. McDowall. vii + 257 РР: buen 
Dawson, London, 1956. $9.00. Тһе supplement to a reprint of McDowall'8 
1938 volume consists of 12 articles, by different authors, reflecting the 
major advances made in the last 17 years (incl. cerebral circulation, muscu 
lar exercise, and lack of oxygen.) 

THE NATURE AND TRANSMISSION OF THE GENETIC AND CULTURAL CHARACTERIST 
or HUMAN POPULATIONS. 143 pp. Milbank Memorial Fund, New Yor 
1957. $1.00. The papers presented at the 1956 Annual Conference of the 
Fund fall into three groups dealing with 1) Biological and cultural factors 
in human heredity, 2) Evaluation of population characteristics ( per* 
sonality and measured intelligence, psychiatric symptoms, fertility), 9? 
3) genetic bases of behavior and mental disorders. 

EXPERIMENTAL PSYCHOLOGY AND OTHER Essays. By I. P. Pavlov. 653 PP: 
Philosophical Library, New York, 1957. $7.50. A biography by Kh. 5. 
Koshtoyants and Pavlov's brief autobiography are followed by paper : 
covering all the major aspects of his work. It is good to have them &v91^ 
able in English, but it should be noted that only a small fraction deals 


with “experimental psychology.” And who are the mysterious transl 
and editors? 


1cs 


ators 


INDIVIDUAL DIFFERENCES IN NIGHT-VISION EFFICIENCY. By M. H. Pirenne, F. 
C. Marriott and Е, F. O'Doherty. 83 pp. British Information Service® 
New York, 1957. $1.44. The principal aim of the study was 0 ад 
sensory acuity and perceptual efficiency by means of specialized visu? 
tests administered at low illuminations to dark adapted subjects 

FORSCHER UND WISSENSCHAFTLER IM HEUTIGEN EUROPA: ERFORSCHER DES xn 
(Research Workers and Scientists in Today’s Europe: Students of Life . 
Edited by Hans Sehwerte and Wilhelm Spengler. 339 pp. Gerhard o 
Oldenburg, 1955. DM 16.80. The fourth volume of the important "y 
graphical, interpretative series “Gestalter unserer Zeit" (Maker? 
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Our Times) is devoted to medical scientists, biologists and anthropologists 
(P. M. Boule—fossil man, S. K. Mollison—human evolution, E. Fisher— 
human biology, E. von Eickstedt—comparative human biology, В. Biasuti 
—anthropogeography ). 

ORGANIZATION OF THE CEREBRAL СовтЕх. By D. A. Sholl. xvi + 125 pp. John 
Wiley, New York, 1956. $4.25. А unified view of recent work carried out 
by anatomists, clinicians, physiologists and psychologists. The author 
favors a theory of cortical organization employing models based on the 
concept of probability and discussed in statistical terms. 

DiocnEMICAL Отзовоевз IN HuMAN DisEAsE. Edited by R. Н. S, Thompson and 
E. J. King. xiv + 843 pp. Academic Press, New York, 1957. $12.60. 
For many disorders pathological description and analysis is passing from 
the stage of histology to that of biochemistry. In this collaborative work 
(31 contributors) we find assembled and interpreted the known facts in 
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